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A SURVEY OF LIFE-DETECTION EXPERIMENTS

FOR MARS

by

The Life-Detection Experiments Team
Ames Research Center

SUMMARY

The results of a survey of life-detection experiments for Mars
are presented. This survey was made by a team at the Ames Research
Center in response to a request by the Bioscience Office in the
NASA Office of Space Sciences. The survey is intended to determine
the status and support requirements of a variety of experiments.
Particular attention is given to ascertaining which experiments may
be available and suitable for the 1966 Mars Mariner mission. The
experiments covered in the survey include the Gas Chromatograph,
Gulliver, the "J" Band, the Mass Spectrometer, the Multivator, Optical
Rotation, the Wolf Trap, and several others.

o

Of the experiments covered by the survey, it appears that only
three have a reasonable chance of meeting the schedules imposed by
the 1966 Mars Mariner mission. These three are the Gas Chromatograph,
Gulliver, and Multivator (or Minivator). For the Multivator, however,
there is no complete experiment and the other two have sampling
problems.

The most serious problems uncovered in the survey are of a
universal nature common to virtually all experiments. First, no
adequate sample collection, concentration, or preparation devices
have been devised. Without prompt attention, this lack may actually
prevent the inclusion of a life-detection experiment on the 1966
mission. It was also noted that instrument prototype development is
being delayed by lack of a clear definition of the experiment-vehicle
interface.

Inability to control the landing site and the large uncertainties
existing in knowledge of the Martian atmosphere, particularly surface
Pressure, appear to be major difficulties which cannot be resolved for
the 1966 mission. Both factors have large effects on the probability
of success of a life-detection experiment. The uncertainties are so
large, in fact, that life-detection experiments may not be suitable
candidates for a Mariner mission and may, in fact, be more appropriate
to a Voyager mission.
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If it is ultimately considered desirable to include a life-
detection experiment on the 1966 Mariner, it would appear that it
should be a device which is not dependent on growth or metsbolism.
Use of such devices introduces the added requirement and uncertainty
that a suitable ecology for an unknown organism must be provided.

INTRODUCTION

The search for extraterrestrial life has been called the most
provocative aspect of the program for the exploratlon of space. Cer-
tainly the discovery of such life would be & ma, major accompllshment in
the program. In recognition of the importance of the task, scientists
throughout the country have conceived and proposed various experiments
which could be used to detect life on other planets. In order to
accomplish this objective, however, these conceptual experiments must
be evolved into flight-qualified instrument hardware. This task is
difficult and it may easily delay the development of an experiment.
Such delays become more important as the time approaches for the
final design freeze on a transporting spacecraft. One of the first
vehicles to carry a life-detection experiment will probably be the
1966 Mariner to Mars. The schedule for this vehicle is such that the
time is rapidly approaching when the selection of its experiments must
be made.

For these reasons the Bioscience Office in the NASA Office of
Space Sciences requested that a survey be made of life-detection
experiments and, in particular, of those which might be candidates
for this 1966 Mars Mariner mission. The purpose specified for this
survey was to determine both the current status and the future support
requirements of the life-detection experiments. To conduct this sur-
vey, the Office of Space Sciences requested the aid of the Ames
Research Center. In response to this request, a team was formed at
Ames with representation from the Exobiology, Instrument Research,
Mission Analysis, Space Sciences, Systems Engineering, and Technical
Planning Divisions. This team organized and conducted the requested
survey of experiments and, in addition, examined probable candidates
for the transport vehicles.

The present report contains the results obtained by the team.
In the sections that follow, the methods employed in the surveys and
analyses will be described first. This description will be followed
by the results of the survey of experiments and then by the results
of the survey of vehicles. A general discussion of the results
obtained by the team will then be presented.
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MEMBERS, METHODS, AND GUIDELINES

Team Membership

The Life-Detection Experiments Team that was formed at the Ames
Research Center had as members the following:

Mr. C. A. Syvertson, Chairman

Science Engineering
Dr. Richard S. Young, Mr. Raymond C. Savin,
Vice Chairman Vice Chairman
Dr. Lawrence I. Hochstein Mr. George W. Clemens, Jr.
Mr. Jacob H. Miller Mr. James N. Cole

Mr. Vance Oyama Mr. Frederick A. Demele
Dr. Robert B. Painter Mr. Ralph W. Donaldson, Jr.
Dr. Leonard P. Zill Mr. Richard O. Fimmel

Mr. George H. Holdaway

Copies of the correspondence and memorandum which led to and
accomplished the establishment of this team are contained for the
record in appendix A. It will be noted that some changes in team
personnel were required to complete the task assigned.

Survey Methods

As indicated earlier, the Ames team conducted two surveys, one
to determine the status and support requirements of proposed life-
detection experiments and the second to examine possible transport
vehicles.

Experiments.- The survey of life-detection experiments was con-
ducted by three two-man groups who visited appropriate experimenters
and institutions. These two-man groups had one representative with
a background in life sciences and one with a background in physical
sciences. They used as a guide for their collection of information
the questionnaire reproduced in appendix A. The use of the question-
naire provided a method for obtaining a consistent set of information
for all experiments. In addition, it was forwarded to all people
visited in advance of the visits to assist in the preparation and
collection of information. The two-man groups and their respective
contacts were as follows:
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Dr. Lawrence I. Hochstein
Mr. James N. Cole

1.

2.

Gulliver

Dr. Gilbert Levin
Resources Research, Inc.
1246 Taylor Street, N. W.
Washington 11, D. C.

Wolf Trap

Dr. Wolf Vishniac
Department of Biology
University of Rochester
Rochester 20, New York

Optical Rotation

Dr. Ira Blei

Melpar, Inc.

3000 Arlington Blwd.
Falls Church, Virginia

Ultraviolet Spectrophotometry

Dr. Ira Blei

Melpar, Inc.

3000 Arlington Blvd.
Falls Church, Virginia

Dr. Robert B. Painter
Mr. Jacob H. Miller

l‘

Vidicon Microscope

Dr. Joshua Lederberg
Department of Genetics
Medical School
Stanford University
Stanford, California

Dr. Gerald A. Soffen
Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, California



2. Multivator

Dr. Joshua Lederberg
Department of Genetics
Medical School
Stanford University
tanford, California

3. Minivator
Mr. Jerry L. Stuart
Jet Propulsion Laboratory

4800 Osk Grove Drive
Pasadena, Californis

L., "J" Band

Dr. R. E. Kay
Aeronutronic Division
Ford Motor Company

Ford Road

Newport Beach, California

Dr. Leonard P. Zill
Mr. Ralph W. Donaldson, Jr.

1. Gas Chromatograph

Mr. George Hobby

Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, California

Mr. Vance Oyama
Ames Research Center
Moffett Field, California

2. Mass Spectrometer

Dr. Klaus Biemann

Department of Chemistry
Massachusetts Institute of Technology
Cambridge, Massachusetts

3. Microscopic System

Dr. Robert D. Allen

Department of Biology
Princeton University
Princeton, New Jersey
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Since several of these experiments were in an early state of
development, the contact was limited, in some cases to a telephone
call. For these experiments then the results of the survey will be
treated in a common, brief discussion.

Vehicles.- The purpose of the survey of vehicles was to determine,
approximately at least, what are the important characteristics of vehi-
cles which might transport a life-detection experiment to Mars. It
was felt that this survey was an essential feature of the task assigned
to the team because any decision regarding the availability of an
experiment will be influenced by the constraints imposed by the trans-
port vehicle. The survey of wvehicles was not, however, as formal and
comprehensive as the survey of experiments. Contacts were made at
the Goddard Space Flight Center, the Lewis Research Center, and the
Jet Propulsion Laboratory. From the information gathered in these
contacts and from independent analyses, the weight and performance
characteristics of a family of transport vehicles were determined.

This information will be discussed in greater detail in a later section.

The members of the team who assisted in the preparation of the
survey of vehicles were:

Mr. R. C. Savin

Mr. G. W. Clemens, Jr.
Mr. F. A. Demele

Mr. G. H. Holdaway

Guidelines

Most of the guidelines employed by the team in the conduect of
its task are evident from the foregoing description of the surveys
that were made. In addition, however, several general constraints
were applied. The basic list of experiments which were covered in
the survey was obtained from the Bioscience Office in NASA Headquar-
ters. Although no concerted effort was made to expand greatly on
this list, some additional experiments were covered Briefly in the
survey. As will become evident, most of the added experiments, being
often newly conceived, will probably be unable to meet the schedule
required by a 1966 Mars mission. As a measure of availability of any
experiment, a target schedule was set down for reference purposes.

As well as the team could estimate this schedule, it is:




Deadline Status

September 1963 Functional breadboard

December 1963 Flight-size breadboard

March 1964 First prototype

June 1964 Last prototype

September 1964 Final instrument type
approval tested

Definition of Status

The functional feasibility
of the experiment must be
demonstrated with a breadboard
instrument which need not meet
flight weights and sizes.

This instrument must meet
the requirements of the pre-
vious breadboard and, in addi-
tion, it must meet flight
restrictions as to weight and
size. It does not, however,
have to meet other environ-
mental constraints.

This instrument should be
designed to satisfy all
environmental and operational
constraints.

This instrument must demon-
strate an ability to meet all
environmental and operational
constraints.

An instrument identical to
the final flight article shall
have passed all required tests.

It might be added that to the best knowledge of the team members
no experiments were omitted from the survey for which any significant

amount of work has been accomplished.

It should be further noted that it became evident early in the
work of the team that the basic problem would not be to select from
a variety of experiments for the 1966 mission. Rather, it appeared
that the scheduling and payload restrictions for this mission could
very well eliminate from consideration most of the experiments. For
this reason, the work of the team was expanded sufficiently to cover
later mission dates and larger permissible payloads. In estimating
the larger payloads, attention was restricted to launch systems now
existing or now under development. These systems were the Atlas-Agena,

Atlas-Centaur, Saturn I, and Saturn I-B.
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SURVEY OF EXPERIMENTS

The detailed results obtained during the survey of life-detection
experiments, in particular the results obtained in response to the
survey questionnaire, are contained in the several subsections of
appendix B. The material in this appendix is exclusively that col-
lected in the survey and contains no comment by the survey team. Part
of the collected material is condensed and summarized in tables I
and II. Table I presents a summary picture of the status, availability,
and funding and manpower requirements. Table II summarizes the avail-
able information on the physical characteristics of the flight instru-
ments including such items as weight, size, and power reguirements.

Some of this material will also be included in the brief narrative
summaries which follow immediately. The primary purpose of this narra-
tive material, however, is to describe the function of each experiment
and to point up those factors which may affect its suitability for

the 1966 mission. Those experiments for which information is generally
lacking will be discussed in a single common subsection presented later.

Gas Chromatograph

The Gas Chromatograph is being developed at the Jet Propulsion
Laboratory in Pasadena in the Space Science Division (Chief:
Dr. Robert V. Meghreblian). Outside experimenters include Dr.
Sanford Lipsky at Yale University and Dr. James Lovelock at Baylor
University. The basic principle by which the experiment works is the
qualitative and quantitative separation and identification of the
Pyrolysis products of organic molecules found in biological systems.
Such a system is based on gas-liquid chromatography depending on
varying distribution coefficients to attain separations and detection
by several sensitive devices. Such a system would detect the presence
or absence of organic matter in a soil sample collected from the
Martian surface, regardless of its type or origin, and could provide
data from which at least some of the collected organic material could
be identified. The chromatographic fingerprints obtained by this
method would very probably be unequivocal concerning the presence of
biochemicals but somewhat equivocal with respect to whether they
represented a prebiotic stage of development or arose from either
living or dead organisms. The current status of the experiment is
somewhere between functional -feasibility breadboard and flight-sized
breadboard. For a flight-sized instrument, a current estimate of the
weight is about 7 pounds; the volume, 200 cubic inches (without sample
acquisition); the power requirement (exclusive of environment control)
is 4.5 watts. Data are taken for a 4O-minute period and require
special handling in storage and transmission. Orientation of the
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instrument on the surface of Mars is not a crucial consideration.

The instrument must be protected against the Martian night. (It will
survive within the temperature range of -50° to #135° C.) In order
to produce a final instrument the current budget would need to be
increased from $206,000 to about $425,000. Correspondingly, the
current staff of four scientists and engineers and two technicians
would need to be increased by the addition of four engineers and five
technicians. With these additions at an early date, the experiment
would appear to be capable of meeting the schedules for the 1966
mission. However, considerable effort is required to develop a suit-
able sample collection and preparation device.

Gulliver

The experimenters for Gulliver are Dr. Gilbert Levin of Resources
Research, Inc. and Dr. Norman Horowitz of the California Institute of
Technology. The experiment is designed to measure the growth of bac-
teria by monitoring the formation of radioactive carbon dioxide pro-
duced by the metabolism of radioactive substances. If the experiment
were to function as planned, it would indicate the presence of a biota
that could utilize the added sources of carbon, nitrogen, and energy
for growth. If the production of carbon dioxide were exponential, as
is characteristic of binary fission, growth would be indicated. If
the production were not exponential, it would not be clear if the car-
bon dioxide release would be a result of cell-free enzymatic degrada-
tion metabolism in the absence of growth, or chemical degradation of
the radioactive substrate. The success of the experiment depends, of
course, on being able to supply the appropriate enviromment for growth.
The use of controls is also difficult because identical samples are
not provided to both the test and control chambers. Sample acquisition,
in general, may be a problem although Gulliver does include an acquisi-
tion device. (One of a few surveyed experiments that does.) At the
present time, the experiment can be considered in the status of an
advanced flight-sized breadboard model. (It was field tested in a
flawless manner for the survey team.) Based on current estimates and
models, the weight is between T and 12 pounds; the volume, between
300 and 600 cubic inches; the power requirement is 3 watts average and
5 watts peak without heater (an additional 2-1/2 watts is estimated
for a heater). At least two readings will be required although more
would be desired. Gulliver will require protection from the Martian
night as indicated in the power requirements and, should nuclear power
be used on board the spacecraft, shielding would also be required.

The instrument is not sensitive to spacecraft orientation on the Mar-
tian surface. Insofar as instrument problems are concerned, Gulliver
should be capable of meeting the schedules for a 1966 mission if

between $250,000 and $350,000 is applied to flight prototype development.
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(This development is now subcontracted to American Machine and Foundry,
Alexandria, Virginia.) In fact, this experiment was the farthest
along, in terms of hardware development, of all those surveyed. In
addition, approximately another $50,000 might be required for lsbora-
tory work.

"J" Band

The experimenter for the "J" Band is Dr. R. E. Kay of the
Aeronutronic Division of the Ford Motor Company. The experiment is
intended to detect the shift of the absorption band of a dye molecule
(thiocarbocyanine) to one or two new wavelengths upon interaction of
the dye with certain organic macromolecules such as proteins and/or
nucleic acids. If the experiment were to function as planned, the
existence of either or both proteins and nucleic acids on Mars could
be established. Indication of either would be highly indicative of
the presence of life. It should be noted, however, that high salt
content in the sample can obviate the results. This effect of salt
can be vitiated, according to laboratory tests, by increases in tem-
perature, use of 10-percent alcohol solutions, or by dialyzing the
sample prior to analysis. At the present time, the experiment has
been reasonably well demonstrated in the laboratory. Many proteins
and nucleic acids have been tested with and without interfering mate-
rials. No flight-type hardware has been set up. The hardware pro-
posal is as yet conceptual. It is estimated, however, that an
appropriate instrument might weigh 5 pounds, use 3 watts of power,
and have a lifetime of several weeks. Six readings at three different
temperatures will be required. Primary protection requirements would
be against the Martian night. The instrument properties just noted
do not include sample acquisition. Since the sensitivity threshold
of the measurement is about 1 microgram of active protein or nucleic
acid, collection and processing of relatively large samples of mate-
rial is a problem which remains to be solved. As far as the chemistry
is concerned, the experiment is well along and could be ready for a
1966 mission with the application of about $lO0,000. For instrument
development, another $h00,000 would be required for the period of
about 1 year. No positive steps in the direction of instrument develop-
ment have been taken to date raising real doubt that the experiment
could indeed be ready for 1966.
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Mass Spectrometer

A life-detection experiment based on mass spectrometry is being
developed under NASA Grant NSG 211-62 which is entitled "The Detection
and Identification of Crgenic Matter by Mass Spectrometry." The
experimenter is Dr. Klaus Biemann, Professor of Chemistry, Massa-
chusetts Institute of Technology. The experiment is intended to
identify organic molecules by interpretation of a mass spectrogram.

If this experiment were to function as planned, it would indicate

the existence or nonexistence on Mars of organic compounds as they

are known on earth. By its nature the experiment could not determine
if these compounds were part of life that had existed, that does

exist, or that is in the process of evolving. For example, the pres-
ence of organic compounds arising from ultraviolet radiation of gas-
eous mixtures would be detected by the experiment. While the detection
of such compcunds does not indicate the existence of life, their pres-
ence on Mars would in itself be significant. At the present time, the
experiment is in the conceptual state. In particular, standard mass
spectrometers are being used to examine synthetic mixtures of organic
compounds. Complete groups of compounds obtained by breaking down an
entire living organism have not as yet been examined. The complex
spectrograms obtained from such mixture may prove difficult to analyze.
Based on current estimates, a flight instrument (exclusive of sample
collection equipment) would weigh about 15 pounds and would occupy
about LOO cubic inches. A meaningful spectrogram may involve the taking
of 250 pieces of information. The instrument itself would not require
any special protection from the space environment other than that
normally required for electroniecs. Orientation relative to the Martian
surface is not important other than for the purposes of sample acquisi-
tion. This latter problem, sample acquisition, has not been considered
in detail and this lack seems to be one of the most serious problems in
the status of the experiment. As estimated by the experimenter, about
$350,000 and two additional men would be required to meet the 1966 mis-
sion schedules. It was noted, however, that at least 6 months would be
required for the acquisition of a miniaturized spectrometer. For this
reason and because of the sample acquisition problem and the relatively
high weight, it would appear that a 1969 launch date might be more
compatible with the experiment time table.

Multivator

For the Multivator instrument, the experimenter is Dr.
Joshua Lederberg, Department of Genetics, Medical School, Stanford
University. He is being assisted in the engineering aspects of the
device by Dr. Elliot Levinthal and by Messrs. Lee Hundley and
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J. Arnold. The Multivator can be characterized as a miniature bio-
chemical laboratory that can accommodate a variety of biochemical
experiments. It can be described as a group of cells or tubes in
which samples are introduced and combined with appropriate reagents

or biological materials. The resulting action of the sample material
is then detected with a photoelectric device. To date, the Multivator
has been considered primarily for use in the detection of the action
of phosphatase on phosphate containing chemicals which become fluores-
cent following removal of the phosphate group. It has also been con-
sidered for use in the detection of the action of biologically important
macromolecules as they evidence their presence by chemicophysical
changes that may be detected by fluorescence, turbidimetry, nephelom-
etry, absorption spectra, or absorption spectral shifts of a test sub-
strate. If the device were to function as planned, a positive result
would indicate the existence on Mars of the enzyme phosphatase. Detec-
tion of phosphatase would not permit a distinction between the past,
present, or future existence of life. As a device, the Multivator is
being developed into a flight-sized breadbosrd. In the opinion of the
experimenter it is nearly ready for transfer to a commercial concern
for flight hardware development and flight qualification testing. As
far as experiments for use with the device are concerned, the existence
of a stable organic reagent for use in the phosphatase experiment
remains to be demonstrated, although progress is being made in this
area. From the point of view of this experiment, then, the Multivator
is still in part in the conceptual stage. Other experiments for
inclusion in this device are yet to be considered. With sample col-
lection included, current estimates indicate the weight at about

3 pounds, the volume at about 90 cubic inches, and power requirements
at 1 watt average and 5 watts maximum. Each of fifteen chambers would
be read at about 15-minute intervals for a period of at least 1 hour.
Power requirements are largely dictated by the survival problem for
the Martian night. An estimate of the funding for the biochemical
studies and organic chemical preparations has been given in a proposal
to NASA Headquarters by Dr. Lederberg. It is estimated that the develop-
ment remaining for the instrument itself will amount to about $300,000.
Multivetor could be ready as a device for 1966 but the experiments it
would house will need a great deal more effort if they are to be ready
at that time.

Minivator

The Minivator is an instrument very similar in nearly all respects
to the Multivator discussed in the previous section. The experimenter
is Mr. Jerry L. Stuart of the Jet Propulsion Laboratory. One partic-
ularly attractive feature of the Minivator is its sample collection
device which is one of the most advanced of such systems covered by
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the team. The collection device, which is driven by a gas turbine,
stirs up and collects dust particles. Separation of large particles

is accomplished by centrifugal action. The Minivator is in an advanced
state of engineering and as an instrument could be ready for the 1966
mission with additional support of about four men and $2203000. Evo-
lution of appropriate experiments for the device would be difficult to
complete in time without an accelerated program with about $500,000.
Some attention should also be given to the combination of this effort
and that for the Multivator. In the remaining sections of this report,
it will be assumed that the effort on these two devices will be merged.

Optical Rotation

The experimenters for Optical Rotation are Dr. Ira Blei and Mr.
Sol Nelson of Melpar, Inc. The experiment is designed to measure the
optical rotation of plane-polarized monochromatic light (254 milli-
microns) when it is passed through a solution prepared from a soil
sample. If the experiment were to proceed as planned, the presence
of optically active compounds on Mars would be indicated. These com-
pounds would presumably arise via an asymmetric synthesis catalyzed
by a living organism. There is the possibility that combinations and
concentrations of asymmetric materials could exist in the sample that
would result in a net zero rotation. At the present time, the instru-
ment exists as a laboratory model. Current estimates for a flight-
sized instrument indicate the weight at 5.2 pounds, the volume at
130 cubic inches, and the power at 1.1 watts (exclusive of protection).
The device requires that only one reading be made after a period (from
start of experiment) of 415 seconds. The instrument has no particular
orientation requirement and needs protection from the Martian night.
Based on current proposals, the cost of development of a flight instru-
ment would be $27h,652, primarily for engineering and engineering
support. The Optical Rotation experiment would appear to be an ade-
quate one, but at the present time there is no sample collecting device
or a sample preparation technique for use in conjunction with this
experiment. 3Both of these are an absolute must for the success of
the experiment on Mars. The sensitivity of the technique is also
questionable. The probable low densities of Martian life suggest that
either sample concentration will be required or that relatively large
samples will have to be processed. TFor these reasons this experiment
does not appear to be a good candidate for a 1966 mission, but may be
one for a 1969 mission.
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Wolf Trap

The experimenters for Wolf Trap are Dr. Wolf Vishniac and
Dr. C. R. Weston of the Department of Biology, University of Rochester.
The experiment is designed to measure bacterial growth in sppropriate
media by detection of changes in pH and in turbidity. If the experi-
ment were to function as planned, it would indicate the presence on
Mars of physiological types capable of utilizing supplied sources of
carbon, nitrogen, and energy for growth (as measured by turbidity)
and/or physiological types capable of changing the concentration of
hydrogen ion at the expense of nutrients in the supplied media. If,
however, the sample introduced in the device contained large amounts
of colloidal particles, the background noise might obscure any changes
in turbidity. Furthermore, the presence of hydrophilic substance,
which might swell, could produce light scattering without growth.
Similarly, if the sample contained highly buffered soil, changes in
pH might be prevented, while on the other side, the slow release of
relatively insoluble acidic or basic substance could give a change in
pH without growth. At the present time, the Wolf Trap is between the
conceptual and feasibility breadboard status. Negotiations are in
progress (with Ball Brothers) for a contract to construct a flight-
sized model. Based on current estimates the flight instrument would
have a weight between 2 and 5 pounds (one or five chambers, respectively),
a volume between 125 and 40O cubic inches, and a power requirement of
about 1 watt. For each chamber, five channels will be read about every
15 minutes until a minimum of about 40 readings has been obtained. The
instrument would have to be oriented within about 60° of the local ver-
tical. Protection requirements have not as yet been evaluated. In
summary, the sensitivity of this experiment seems to be fairly low in
that a high density of organisms is required. The device includes a
sampler, but not adequate sample preparation and concentration to give
a sufficiently high number of organisms per tube. The device also has
a very high data transmission requirement which would appear to be
beyond the capability of a 1966 vehicle. It does not appear likely
that ggis experiment could be ready for 1966 but may be a candidate
for 1969.

Other Experiments

Several other experiments were covered by the survey but in some-
what lesser detail. For exsmple, work has just begun at Princeton
University under Dr. Robert D. Allen on a microscopic system to measure
dichroism, optical rotation, and phase retardations. Due to the early
stage of the effort, the device cannot be considered for the 1966
mission. It was not possible, in fact, to make a quantitative survey
of this experiment.
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Another experiment was the ultraviolet spectrophotometer under
study at Malpar, Inc. This device would be used to look at peptide
bonds at 1800 A. This experiment may be limited by the unavailability
of a solvent that will not a&bsorb strongly at this wavelength. Inter-
ference from other materials is also unevaluated. .

Some preliminary work has been done at Resources Research in an
attempt to convert Gulliver to a device that can detect the presence
of a photosynthetic organism. Presumably the detection would be
accomplished by observation of the differences in generation of carbon
dioxide in the presence or absence of light. This modified device
would appear to be of interest but it is in too early a stage for the
1966 mission.

An experiment which is designed to detect microorganisms by
determining the presence of Adenosine Tri Phosphate (ATP) is also
being considered at Resources Research. This experiment may not
require a landing vehicle since, at least potentially, it can be used
on a probe if a high-volume sampling of the atmosphere during descent
can be achieved. Demonstration of the experiment has been achieved
in the laboratory on earth organisms. However, no work has been done
toward an exobiological experiment and there is currently no program
to do this. More detailed information on this experiment is given in
appendix B. This information was voluntarily furnished by Dr.
Gilbert Levin of Resources Research to personnel of the Exobiology
Division at Ames Research Center.

An automatic paper chromatograph for detection of organics in
soil is being tested for feasibility by Dr. Wolf Vishniac at the
University of Rochester. Dr. Vishniac does not consider this device
as a candidate for the 1966 mission. There are, of course, many
similarities between this device and the gas chromatograph discussed
previously.

A final device considered was the Vidicon Microscope. It has
been estimated that the transmission of an image from a microscope on
Mars would take 10° bits for a poor picture and 107 bits for a good
picture. When this very large data requirement and the problems of
specimen preparation and slide searching were considered, no further
attention was given to this device.
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SURVEY OF VEHICLE SYSTEMS

This section is broken down into subsections describing various
vehicle systems composed of four basic launch systems. The launch
systems considered are Atlas-Agena, Atlas-Centaur, Saturn I, and
Saturn I-B. The payload capability (i.e., weight to Mars) of each
booster system is taken to be that consistent with present state-of-
the-art estimates. In particular, the potential increase in booster
capability due to fluorination of the Atlas stage is only briefly
considered. A study program of the feasibility of LOX fluorination
has only recently been initiated at the Lewis Research Center so that
any benefits which may be forthcoming from this procedure mst be
considered only speculative at the present time.

The mission profiles and vehicle systems considered are those
systems derived from previous studies, either industry or NASA
Center studies. The intent here is to present briefly some of the
salient features of typical mission modes associated with each booster
system so that the compatibility of life-detection experiment require-
ments with a particular vehicle system capability can be easily
assessed. It might be noted at this point that all entry vehicle
and landing system weights are based on the Schilling model atmos-
phere. Effects of deviations from this assumed atmosphere will be
discussed later.

Atlas-Agena System

The Atlas-Agena booster combination is capable of putting
approximately 450 pounds on the way to Mars. If consideration is
given to improved versions of the Agena system, the injection pay-
load increases to approximately 550-600 pounds. If still further
consideration is given to fluorination of the Atlas booster stage,
the payload may increase to a probable maximum of about 750-800 pounds.
Mission studies to date indicate that injected payloads of this mag-
nitude are not sufficient to yield a significant and reliable capa-
bility to place a payload on the surface of Mars. Hence, the Atlas-
Agena systems will probably continmue tc be limited to flyby missions
in the future insofar as the planet Mars is concerned.
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Atlas-Centaur Systems

Tt has been difficult to obtain definitive information on the
performance capability, operational status, and scheduling of the
Atlas-Centaur vehicle. Based on discussions with various members of
the Lewis Research Center and a telephone conversation with Mr.
Vince L. Johnson, Head, Centaur Program, NASA Headquarters, the
following conclusions have been drawn. The Atlas-Centaur will be
capable of placing approximately 1300 pounds into a transfer trajec-
tory to Mars. The maximum axial loads during launch will probably
not exceed 6 g. Both axial and lateral vibrational loads will prob-
ably be less than 5 g. It will be available for two launches to Mars
during the late 1966 window, although no specific vehicles have been
scheduled to that point.

Two basic spacecraft systems sized for the Atlas-Centaur launch
systems are briefly summarized below. The first system resulted
from studies made by personnel at the Jet Propulsion Laboratory and
will be subsequently referred to as the "flyby bus plus capsule"
system. The second system was evolved by members of the staff at
Goddard Space Flight Center and will be referred to as the '"bus plus
capsules" systemn. :

Flyby bus plus capsule system.- The majority of the spacecraft
mission profile of this system is identical with that of Mariner C.
The profile is based on a capsule release near the planet and a relay
link comminication system via the bus as it flys by the planet. An
alternative capsule, in which a direct commnication link is employed,
is also considered. The direct and relay communication links require
different capsule weights so that the total weight to Mars for each
system is 1204 pounds and 1254 pounds, respectively. These weights
are within the expected capability of the launch system.

The bus part of the spacecraft is functionally identical with
the Mariner C system but modified to include the addition of the land-
ing capsule with its resulting support requirements. Thus, whereas
the Mariner C spacecraft weighs 596 pounds, the present spacecraft
bus weighs 807 pounds, of which about 50 pounds is allotted for instru-
ments to make planetary and interplanetary measurements including scan
equipment for the planetary measurements. These instruments would
Pprobably not be volume limited.

Both the direct and relay commnication link capsules are 48 inches
in diameter and weigh 397 and LL47 pounds, respectively. The capsules
will contain an ejectable entry subsystem including heat shield and
structure, a retardation system, landing impact and orientation equip-
ment, temperature control equipment, power storage and conversion equip-
ment, a one-way communication system for scientific and engineering
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telemetry, separation equipment, on-board programming and sequencing
elements, and instrumentation, sampling, data handling, and storage
equipment. A component weight breakdown, including capsule subsystem
weights along with other pertinent information for this and subsequent
spacecraft systems considered, can be found in table III.

The capsule guidance and control system weight is composed of the
post-separation attitude stabilization system and the propulsion system
and support weights. Since the orientation of the landed capsule rela-
tive to the flyby bus is critical for the relay system, the propulsion
requirements are greater than for the direct system. This is reflected
in the greater guidance and control weight shown for the relay system
in table III. It should be noted that this does not affect the capsule
entry weight for either system, since the guidance and control system
is ejected prior to entry.

The structures and heat-shield weights include ablation and
insulation weights, aft covers, thermal control equipment, and internal
structure.

The parachute system and the landing system comprise the terminal
deceleration weights. The parachute system includes all chutes, reef-
ing and cutting gear, stowage bags, sensors, deployment equipment, and
release systems. The landing system includes all hardware required
for impact attenuation on the surface, erection of the payload, and
orientation as necessary.

The payload weight available for all experiments in both systems
is 30 pounds and does not include the data storage system. The latter
system amounts to about 4 pounds and has been included in the communica-
tion system weight. The volume available for the experiments cannot
be fixed sbsolutely but is estimated to be about 2-3 cubic feet for
both systems.

The maximum entry deceleration is expected to be about 150-200 earth
g. The landing or impact loading is not expected to exceed this level.
In view of the fact that the maximmm launch loads were estimated to be
only about 6 g, the maximum g loading constraint for the experiments is
about 200 g.

The power for both capsule commnication systems is provided by
batteries so that the power system weights shown in table ITI are due
solely to batteries. The total mission lifetime due to power limita-
tions varies from 30 hours for the direct link system to 40 hours for
the relay mode.
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The spacecraft bus design is compatible with the use of the
85-foot receiving antennas operating at S-Band. Use of the 210-foot
antenna at Goldstone will be reguired for capsule operation in a
direct capsule-earth mode. The 210-foot dish will be desirable but
not required for the relay mode. The capsule transmitter used in
the direct link delivers 36 watts of radiated power whereas the trans-
mitter in the relay link delivers 45 watts of radiated power. The
data rate for both commnications systems is 6 bits per second and
earth acquisition time is 200 seconds. As shown in table III, both
systems are comparable in regard to communication system weight.

A further constraint on the experiment package is that due to
sterilization. The present plan being considered at the Jet Propul-
sion Laboratory is heat sterilization of the entire entry capsule.
This will require a temperature capability of 300° F for 24 hours
for each experiment and supporting equipment.

Bus plus capsules system.- In this spacecraft system, the bus
as well as the capsule enters the Martian atmosphere. However, after
ejection of the capsules, the bus is designed to be destroyed by
entry heating. This system represents a "minimm weight" approach
since the total injection weight to Mars is only 980 pounds. Two
entry capsules are included in this system weight. For this reason,
this system is considered to have a higher degree of relisbility
than the "flyby bus plus capsule" system. It appears possible, alsc,
to add a third entry capsule thereby further increasing the reliability
factor.

The spacecraft bus has a nominal diameter of 65 inches and is
capable of carrying up to 20 pounds of experiments. Such experiments
do not appear to be volume limited and they can be designed to meas-
ure the physical parameters of the planetary exospheres from their
outer limits down to the altitude at which the bus burns up on entry.

Each entry capsule is approximately 39 inches in diameter and
weighs 176 pounds. It is comprised of the heat shield including its
supporting structure, insulation, afterbody, and deployment power
and an instrumentation section. After the capsule has entered the
atmosphere, the parachute is deployed at the proper altitude and the
heat shield is dropped along with other structure leaving only the
instrumentation section as the landing vehicle. Impact survival is
obtained through the use of an impact mitigator located on the side
of the instrumentation section facing the planet during parachute
descent. The instrumentation section contains the active and passive
components necessary for planetary measurements. It is cylindrical
in shape and has a diameter of 10 inches and a length of 20 inches.
It contains 3 modular units: (1) batteries, (2) electronics for data
acquisition, and (3) transmitter. The experiment sensor package bolts
externally to the parachute side of the cylinder, that is, opposite
the impact mitigator.
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The spacecraft is spin stabilized. The propulsion requirements
for guidance applies to the complete spacecraft so that the guidance
and control weight is assigned to the bus and none is assigned to the
capsule in table IIT.

Of the 84 pounds listed for structures and heat shield in
table IT, 8 pounds represent electronic support structure. Ablation,
insulation, structure, and afterbody weights account for the remaining
76 pounds.

The parachute system weighs 20 pounds. This weight and the
T pounds necessary for the shock mitigator on the instrument probe
make up the total terminal deceleration system weight.

Each capsule has an experiment payload capability of 15 pounds
so that 30 pounds is available with the two-capsule spacecraft system.
As mentioned earlier, the system is capable of transporting three
entry capsules to Mars and still be within the payload capability of
the Atlas-Centaur launch system. Thus, 45 pounds may be available
for experiments. The experiment payload volume, however, represents
a serious limitation, since it is estimated to be only about 1 cubic
foot per capsule.

The maximm capsule deceleration during entry is about 90 earth
g. On impact, however, the instrumentation probe can experience a
maximm loading of approximately 140 earth g.

Approximately 800 watt-hours of energy are required to accomplish
the capsule mission. This requirement can be fulfilled by the use of
batteries - specifically, 23 pounds of silver/zinc cells. The total
lifetime due to power limitations is 48 hours.

The over-all spacecraft system presupposes the use of telemetry
band at 2300 MC and the DSIF. The 210-foot receiving reflectors are
also required. The entry capsule and the bus are each capable of
furnishing 5 watts of power to the experiments when information is
being transmitted. Experiment output is converted to digital form
using 7-bit word presented at a 1-bit per second rate.

The planned sterilization procedure for this spacecraft system
includes sterilizing both bus and capsules. It also includes the
internal sterilization of all parts, components, and materials by
baking at 260° F for 26 hours. Thus, the temperature constraints
on the experiments for this system are similar to those of the flyby
bus plus capsule system.
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Saturn Systems

The first phase of the NASA interplanetary program consists of
vehicles in the Mariner class - that is, vehicles sized for either
the Atlas-Agena or the Atlas-Centaur launch systems. The follow-on
phase has been termed Voyager - that is, wvehicles sized for the Saturn
booster. Although the 1966-67 Mars mission is considered in the
Mariner class, some results of recent Voyager mission studies are
discussed below to point up the potentially large payload capabilities
of systems sized for the Saturn I and I-B boosters which might be
available should the presently conceived Atlas-Centaur system prove
deficient or should it be delayed to the 1969 launch window. For
example, typical vehicle weights which can be injected into an Earth-
Mars transfer trajectory using Saturn I and I-B launch systems are
shown in table III and are 3200 and 6000 pounds, respectively.l These
weights represent approximately a two- to five-fold increase in injected
payload capability compared to the Atlas-Centaur vehicle. As discussed
later, this can be translated into a one to two order of magnitude
increase in payload landable on Mars' surface. Based on industry
studies, it appears possible to have such Saturn-class payloads avail-
able for launch at the occurrence of the January 1967 launch window.
However, there may be a question on the availability of a Saturn
booster for this Mars opportunity due to other program commitments.

The weight breakdowns and other information shown in table IIT
for the Saturn launch systems were obtained from mission studies made
by industry for a January 1967 launch date. For later launch dates,
such as the 1969 or 1971 window opportunities, the numbers shown in
the table will change but the comparisons and general trends discussed
below will remain essentially the same. The studies referred to above
are conceptual so that the numbers shown in the table are preliminary
and spproximete. They merely represent estimates of what appears to
be a feasible capability of a wvehicle system which comprises a bus and
lander in one case and an orbiter and lander in the other case. TFor
purposes of this brief discussion, only certain mission capabilities
of the landers are considered.

It will be noted from table IIT that, in general, a greater per-
centage of the vehicle system weight can be allotted to the lander
with increasing vehicle system weight (i.e., booster capability).

Of greater importance, however, is the fact that the percentage of

the system weight to Mars available for experiment payload, that is,
Payload fraction, increases substantially for the heavier systems.
This is depicted graphically in figure 1. It can be seen, for example,

lThe complete Saturn launch system is presumed to have a third
stage for injection into the transfer trajectory.
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that the payload fraction increases from about 3 percent of the
injected weight in the case of Atlas-Centaur systems to over 30 per-
cent for the Saturn I-B system. It is realized, of course, that not
all of the systems and/or mission profiles were derived from the
same ground rules. Nevertheless, the trend indicated in figure 1

is still valid since, in each case, the system represents at least

a quasi-optimization of payload weight.

The entry capsules of all the systems considered had essentially
the same shape as the NERV-Discoverer capsule. Therefore, only the
weight and size of the vehicle affected the heat-shield considerations.
The weight penalty for heat shield and structures comprises about
50 percent of the entry capsule weight for the lower weight Centaur
systems. This percentage is less than 20 percent in the case of the
heavier Saturn systems. One implication of this result is that mini-
mm weight systems suffer in payload capability because of the heat
shield and structure requirements.

One of the constraints employed in the study of the Saturn-sized
vehicles was that the impact loading was to be no greater than the
maximum entry deceleration. Since this deceleration was found to be
90 g, this is the value used in table TIT to represent the loading
constraint on the experiments for this system. It will be noted that
it is actually less than for the other systems.

The communication and power systems weights for the Saturn system
landers represent the largest increase in weight requirements. How-
ever, both the commnication and power systems capabilities have also
increased substantially. Notice, for example, that the data trans-
mission rates are higher by three orders of magnitude and the lifetime
has increased by nearly two orders of magnitude. The use of a 250-foot
dish was assumed in this study. The conclusions are essentially the
same for a 210-foot dish compatibility.

The sterilization requirements were assumed to be the same as
those used at the Jet Propulsion Laboratory so that the temperature-
time constraints are the same as those for the flyby bus plus capsule
system.

DISCUSSION

As is apparent in the descriptions contained in some of the fore-
going sections, the life-detection experiments surveyed fall into two
general categories. One of these is based on organic analysis, that
is, the detection of organic compounds. The second is biological,
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that is, the detection of growth and/or metabolism of some indigenous
living system. Neither of these techniques by itself is guaranteed
of success in the detection of life. The major shortcoming of the
growth or metabolic experiments is that their success is totally
dependent on a successful choice of media. All proposed media are
aqueous and the proposed experiments by necessity will be carried

out at high levels of water activity. This choice may be a very
large gamble for Mars in that any organism introduced to the medium
will have had an evolution that has been most likely in the opposite
direction, since liquid water on Mars is at best an unlikely event
and may well be impossible. For example, possible candidates for
life on Mars are halophilic organisms. Some halophiles not only fail
to grow but are lysed when placed in media containing low concentra-
tions of "salt." Primarily for these reasons, the detection of
organic compounds on Mars is probably a more reliable preliminary
approach to extraterrestrial life studies. However, such detection
is not necessarily indicative of the presence of life, since it has
now been shown that organic compounds can be synthesized abiogenically
under primitive conditions. The presence of such compounds neverthe-
less would be of great scientific importance as well as being a
possible indication of life.

In terms of the specific objectives of the present study, the
results obtained by the team indicate that there are three experiments
which have a reasonable chance of being ready in time for the 1966 Mars-
Mariner mission. These are the Gas Chromatograph, Gulliver, and Multi-
vator (or Minivator). At present, however, Multivator has no complete
experiment. The Gas Chromatograph and Gulliver have problems of sample
collection, preparation, and concentration, although these problems may
be somewhat less for the Gas Chromatograph than for Gulliver from the
standpoint of sample concentration. The increased support required for
any one of these experiments, to meet the 1966 schedule, would amount
to between $200,000 and $425,000 (see table I).

While each experiment has its own problems, the most serious
problems that exist in the selection of a life-detection experiment
for the 1966 mission appear to be of a universal nature, common to
all experiments. Among the most important of these is the current
status of sampling systems. To date, no adequate sampling device,
sample concentration mechanism, and sample preparation system has been
devised. In view of the probable low concentration of life on Mars,
the development of adequate sampling systems is a difficult task. For
example, the Martian soil (if the term is applicable) will probably
contain fewer than 10° bacteria per cubic centimeter found in earth
desert soil. The few attempts that have been made to incorporate
sampling systems into life detection devices are considered inadequate
and preliminary. The problem of sampling, then, at this stage is
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probably more fundamental and important to life detection than the

life detection device itself. 1In fact, the absence of suitable sample
collecting and concentrating devices at this time may actually prevent
the inclusion of a life-detection device for the 1966 Mariner. It
would be helpful, although perhaps not feasible, if a single sample
collection device could be devised which could obtain and prepare sam-
ples for more than one life-detection experiment. It is one recommenda-
tion of the survey team, then, that the development of devices for
sample collection, concentration, and preparation be given prompt con-
sideration.

In most respects, the problems introduced by the need for
sterilization are also common to all experiments. These problems
affect primarily the electronic components of the device and all
experiments have these components. Since the problems of steriliza-
tion are being thoroughly dealt with elsewhere, they have not been
treated in any detail in the present report. This exclusion does not
indicate any feeling that the sterilization problem is not a serious
one, however, and care was taken to gather as much information as pos-
sible on the particular sterilization problems associated with each
experiment. This collected material is contained in appendix B.

Another problem exists because a definition of the experiment
vehicle interface is lacking. At this time, all experiments which
have reached some stage of hardware development are hampered as far
as actual prototype development is concerned since there has been
no experiment-vehicle interface on which to base prototype development.
The 1966 Mariner mission and vehicle must be defined before such proto-
type development can proceed. It appears pointless to strive for
experiment hardware development without knowledge of the limitations
imposed by the transport vehicle. It is another recommendation of the
team, therefore, that ewvery effort be made to define the vehicle-
experiment interfaces and that this information be disseminated to
all experimenters.

In a more general sense, it appeared during the present survey
that there was a lack of communication between the various experi-
menters involved in the life-detection program. For this reason, it
may be appropriate to consider the institution of periodic meetings
of an informal nature during which the several experimenters could
converse on mutual problems and where they could be advised of the
problems associated with the constraints imposed by the transport
vehicles.

Probably the most serious drawback to the Mariner 1966 mission
for the detection of life on Mars is the marginal capability of the
Centaur vehicle systems. Although the Centaur systems considered
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earlier appear to have the payload and telemetry requirement capa-
bilities to place the Gulliver, Gas Chromatograph, and Multivator
experiments on Mars (see tables II and IIT), there are other con-
siderations which make the use of these systems highly doubtful. To

be specific, existing knowledge of the environment of Mars indicates
that if life does exist, it would be limited to certain regions of

Mars which can be reasonably well defined. TFor example, life on Mars
in any appreciable concentration is almost certainly limited to lati-
tudes of some 300 or 40° and even in this belt it may be restricted

to the dark areas which constitute about one-third of this region.

The area of interest is then about one-fifth of the Martian surface.
With the Centaur system, however, the guidance and control capabilities
are limited and the landing site cannot be controlled. The vehicle may
very well land in some location in which one would not even remotely
expect to find life, such as the polar caps. It appears then that
there is a reasonable chance of missing a suitable location for a life-
detection experiment.

Another very serious problem is the uncertainty in the atmosphere
of Mars. The vehicle studies previously discussed were all based on
the Schilling model atmospheres. Recent interpretation of observed
data by Dr. L. Kaplan of the Jet Propulsion Laboratory indicates sub-
stantially lower surface pressures (about 15 millibars) compared to
the mean Schilling model value (about 85 millibars), and a much higher
CO- content. If the surface pressures are indeed lower, then the 1966
Mariner vehicle studies will have to be re-evaluated and it would seem
that, at best, a very large uncertainty exists in the assumption that
a soft landing with a usable payload can be assured. It should be
noted, also, that at a pressure of 15 millibars, water boils at 56° F
and freezes at 32° F so that there is only a 24° F range for liquid
water to exist.

Since the difficulties associated with lack of landing site control
and with atmospheric uncertainties will probably not be resolved for
the 1966 mission, it may be desirable to delay the life-detection experi-
ments to a date compatible with a Voyager-type vehicle. OSuch a delay,
of course, is not attractive. In view of the significance of a positive
answer, it may very well be worth a considerable gamble to include any
available life-detection experiment in the 1966 mission even though the
uncertainties are so extensive.

In summary, it would seem advisable, if a soft lander is indeed
feasible for the 1966 Mariner, to include a life detection device which
is not dependent on growth or metabolism, but rather a device designed
for analysis such as the Gas Chromatograph or possibly the Mass Spec-
trometer. Both of these experiments are capable of a fairly detailed
analysis of the surface composition, particularly in regard to organic
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content. If possible, other determinations such as temperature and
atmospheric composition should be made at the same time. Particularly
important are temperature measurements, giving some spatial resolution
across the surface of the planet. With this type of information,
later landers of the Voyager type with larger payload capabilities can
incorporate those experiments such as Gulliver, which give us much
more detailed information concerning life. If, on the other hand, the
atmosphere of Mars is such that a soft lander for the 1966 mission is
not feasible, then it does not seem likely that a life-detection
experiment can be included at all and a strong emphasis should be
placed on the definition of the atmosphere (thermodynamic structure)
as the primary vehicle experiment so that design of a lander for later
Voyager-type missions could be insured.

CONCLUDING REMARKS

As a result of the survey that has been made of life-detection
experiments, it appears that only three have a reasonable chance of
meeting the schedules imposed by the 1966 Mars-Mariner mission. One
of these three is the Multivator, for which there is no complete experi-
ment. The other two are the Gas Chromatograph and Gulliver, which hawve
either sample acquisition or preparation problems (Gas Chromatograph)
or sample concentration problems (Gulliver).

The most serious problems encountered in the present survey are
of a universal nature, common to virtually all experiments. Some of
these can be corrected by appropriate action; others cannot. For
example, adequate sample collection, concentration, and preparation
devices have not been devised. In view of the probable low concentra-
tion of life in the Martian soil, this omission is serious and it is
recommended that the development of appropriate devices be given prompt
attention. It is also recommended that clear definitions of experiment-
vehicle interfaces be evolved and supplied to all experimenters. Lack
of these definitions is currently hampering instrument prototype
development.

Problems for which corrective action is probably not possible
before the 1966 mission result from the inability to control the land-
ing site and from the uncertainties in the Martian atmosphere. Both
of these problems have serious ramifications in terms of the probable
success of a life-detection experiment. These ramifications are so
serious that the inclusion of a life-detection experiment on the 1966
Mariner may be an exceedingly poor risk. It may, for example, be more
appropriate to delay such experiments for a Voyager vehicle. If, in
the end, the decision is to include a life-detection experiment on
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Mariner, it is recommended that it be one not dependent on growth or
metabolism for success. Such experiments require the added uncertainty
that a suitable ecology mist be provided for unknown life forms.
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APPENDIX A - DOCUMENTATION
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COPY cory

NATTONAL, AERONAUTICS AND SPACE ADMINISTRATION
Washington 25, D. C.

In reply refer to: SB May 22, 1963
MEMORANDUM TO: Director, Ames Research Center
FROM : Director, Office of Space Sciences
SUBJECT : Life Detection Experiments for Mars Mariner 1966 Mission
Your attention is invited to the attached memorandum from
Dr. Orr E. Reynolds.
It is requested that the Ames Research Center prepare the status
report as outlined by Dr. Reynolds, with a final report due in
the Headquarters not later than 15 August 1963.
Your early response to this request will be appreciated.

/s/ E. M. Cortright

Homer E. Newell, Director
Office of Space Sciences

Attachment:
Memorandum from SB

BBH:33
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COPY copY
United States Government
MEMORANDUM
Tc : : S/Dr. Homer E. Newell Date: 17 May 1963
(FQ:Jmh)

From : SB/Dr. Orr E. Reynolds

Subject: Status and Recommendations for Life Detection Experiments to
be Considered for the Mars Mariner 1966 Mission

It is necessary for the Biosciences Subcommittee to arrive at a decision
concerning one or more exobiology experiments to be included on the first
Mars landing capsule. In order to do this, the subcommittee must be
brought up-to-date on the status of those experiments which are presently
in varying degrees of study and development.

Although only 8 or 10 experiments are involved at the present time, the
overall job is quite complex and is far beyond the time and talent
available in my own staff.

It is suggested, therefore, that this job be assigned to an organization
with bioclogical and engineering competence as well as one free of bias
towards any particular approach or scientific personality. In spite of
the thus far limited manpower in exobiology at Ames, this group together
with the consultive services available in the Bay area (particularly at
Berkeley( and the excellent Instrumentation Division at Ames, places this
center in a unique position with respect to the aforementioned criteria.
The responsibility and mission of the Ames Research Center with respect
to NASA's overall organization, indicates that this problem falls within
the province of the Center's mission and capability.

It is therefore requested that the Ames Research Center be asked to
determine the status of each of the proposed "life detection" experiments,
to determine what must be done to make them ready for the 1966 mission,

to determine which experiments cannot satisfactorily meet the schedule
for the first mission under any circumstances, and to submit finalized
recommendations to my office by 15 August 1963.

An early response from the Center's Director is needed together with the
proposed procedure for handling the assignment. The Jet Propulsion
Laboratory, Goddard Space Flight Center, and NASA Headquarters are
prepared to provide any information or assistance required for
expediting this study.

/s/ Orr E. Reynolds

Orr E. Reynolds, Director
Bioscience Programs
Office of Space Sciences
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COPY COPY
May 29, 1963

From Ames
To NASA Headquarters - Attention: Dr. Homer E. Newell, Code: S

ubject: Life Detection Experiments for Mars Mariner 1966 Mission
Reference: NASA Hgq. let., May 22, 1963, Dr. Homer E. Newell, Ref. SB

1. Ames Research Center is pleased to comply with the request of
your letter of May 22, 1963. To this end a Life Detection Experiments
Team is being established at the Center under the chairmanship of Mr.

C. A. Syvertson, Chief of the Mission Analysis Division, and with appro-
priate members from the life science, physical science, and engineering
elements of the staff.

2. This team is charged with carrying out all evaluations and
independent studies required to prepare the status report on the subject
experiments and the final recommendations for your office by August 15,
1963. You will be regularly advised of the team's activities when it
is fully organized and operating, and we will welcome additional informa-
tion and assistance as required from your office, the Jet Propulsion
Iaboratory, and Goddard Space Flight Center.

/s/ Smith J. DeFrance

Smith J. DeFrance
Director

AJE:jd
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COPY coPY
NASA - Ames

Moffett Field, California
May 31, 1963

MEMORANDUM for Division Chiefs and Branch Chiefs

Subject: Formation of a Life Detection Experiments Team at Ames Research
Center

1. This Center has been requested by the Office of Space Sciences
to prepare a status report and submit final recommendations on life
. detection experiments for the Mars Mariner 1966 Mission. Pursuant to
satisfying this request, there is established, effective immediately, a
Life Detection Experiments Team at Ames Research Center. This team will
operate as an ad hoc element of the Mission Analysis Division, and it
will consist of the following members:

Mr. C. A. Syvertson, Chairman

Science Engineering
Dr. Richard Young, Vice Chairman . Raymond C. Savin, Vice Chairman
Mr. Vance Oyama . George Clemens
Dr. Robert B. Painter Frederick A. Demele
Dr. Laurence I. Hochstein Ralph W. Donaldson, Jr.
Dr. Hans J. Trurnit Richard O. Fimmel
Mr. Jacob H. Miller George H. Holdaway

FEFFEF

2. The subject team is responsible for determining the status of
each of the proposed life detection experiments from both the science
and engineering points of view. Careful attention will be given to what
must be done to make each scientific experiment ready for the 1966 mission.
The status report and final recommendations resulting from this study will
be submitted for Center review not later than August 1, 1963, and they will
be submitted to the Office of Space Sciences, NASA Headquarters, not later
than August 15, 1963.

/s/ Smith J. DeFrance

Smith J. DeFrance
Director

63/28
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COPY COPY
SB(FHQ:cj) 6 June 1963
ATR MAIL

Dr. Klaus Biemann

Department of Chemistry

Massachussetts Institute of Technology
Cambridge 39, Massachussetts

Dear Dr. Biemann:

The Ames Research Center has been requésted by NASA Headquarters
to conduct a survey of possible life detection experiments for the
proposed 1966 Mars Mariner Mission.

Accordingly, representatives of Ames will visit your institution
during the June 17 to 28 time period.

Final dates and arrangements will be made directly from the Ames
Research Center.

Sincerely yours,

Original signed by
Freeman H. Quimby

Freeman H. Quimby

Chief, Exobiology
Bioscience Programs
Office of Space Sciences

CC: Code S Reading file
SB/Dr. Reynolds
SB/ Mr. Hall
Mr. C.A. Syvertson, Ames Research Center

Identical letters sent to: Dr. Wolf Vishniac, Dr. Gilbert Levin, Dr.
Ira Blei, Dr. George Hobby, Dr. Joshua lederberg, Dr. Robert D. Allen,
and Dr. R. E. Kay.
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coPY COPY
June 13, 1963
SPECIAL DELIVERY
Dr. Joshua Lederberg
Department of Genetics
Medical School
Stanford University
Stanford, California

Dear Dr. lederberg:

Recently you received a letter from Dr. Freeman H. Quimby of the
NASA Office of Space Sciences indicating that the Ames Research Center
had been requested by NASA Headquarters to conduct a survey of possible
life detection experiments for the proposed 1966 Mars Mariner Mission.
It was further noted that as part of this survey you will be visited by
representatives of Ames during the latter part of June. In general,
there will be two representatives making this visit; one will represent
1life sciences and one physical sciences and engineering. As indicated
in Dr. Quimby's letter, the specific arrangements for each visit will be
made on an individual basis and generally by telephone.

One of the primary purposes of the visit is to collect information
relative to the status and support requirements of each of several exper-
iments. With this information the survey team will attempt to assist the
experimenter and the Office of Space Sciences in evaluating what remains
to be done to convert each experiment into a flight instrument. In
order to expedite the collection of this information and in order to pro-
vide a consistent set of information for each experiment, a group of
tentative questions to be discussed during the visits has been prepared.
Two copies of this group of questions is forwarded with this letter to
provide the experimenter with an advance indication of the type of infor-
mation sought. It is emphasized that these questions will serve only as
a guide and are being forwarded primarily to reduce the time required of
all parties involved in conducting the survey. If necessary, any of the
questions can be clarified during this visit.

It is further requested that, if it 1s possible and reasonable to
do so, a demonstration of each experiment be arranged during the visit.

It should also be noted that, while primary interest at this time
is in the 1966 mission, information pertinent to subsequent opportunities
to explore Mars is also sought.

Your cooperation in the conduct of this survey will be greatly
appreciated.

Very truly yours,

/s/ C. A. Syvertson
C. A. Syvertson
Chairman, Life Detection Experiments Team

CAS:ve]
Enc.
Tentative Questions

re

for Visits (2 copies)

cc: NASA Hg - Code: SB, w/o enc.
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SURVEY OF LIFE-DETECTION EXPERIMENTS FOR MARS MARINER 1966 MISSION

Scientific Experiment

A.

B.

N.

What is your present experiment designed to determine?

Does this represent a departure from any previous objectives?
If so, why?

What are the non-biological systems which, when asssyed in your
device, might react as if they were biological?

What controls are included in your experiment?
What is the present and projected sensitivity of your experiment?
What is the reference standard in the experiment?

What biological materials (e.g., enzymes, substrates, etc.) are
used in the experiment?

What are the total number of samples your instrument requires?

What is the proposed technigue and apparatus required for sample
acquisition?

Does the sample have to be treated in any special way prior to
observation?

If so, exactly what apparatus and how much material or reagents
will be required for such treatment?

How many sample-taking, processing and test-result-conditioning
cycles will be required to obtain the minimum amount of informa-
tion to consider the experiment fruitful?

What instrument components are used in the experiment?

Are 8ll experiment instrumentation requirements satisfiable within
the state of the art? If not, what development is required?

What will be the weight and volume requirements of all instrumenta-
tion (individual weights and volumes also cumulative weight and
volume )?
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V.

Ww.
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Is the function or lifetime of your total instrument, including
all individual components, affected by:

(1) Temperature

(2) Radiation

(3) Pressure

(4+) Tmpact and vibration

How will the instrument be sterilized?

What will be the susceptibility of the instgpment to steriliza-
tion by:

(1) 3 cyeles of 145° C for 36 hours each?
(2) 1 cycle of 135° C for 24 hours?

(3) 1 cycle of 125° ¢ for 24 hours?

(4) ethylene oxide?

Is the instrument suitable for aseptic assembly?

What prelaunch, in-flight, and post-handling test and calibration
of experimental apparatus, if any, will be required or desirable
and how will these be accomplished?

How, precisely, will programming and command required for the
experiment be accomplished (e.g., startup, sequencing, time

identification, etec.)?

What will be done to determine reliability figures for the
instrument?

What are other current problem areas?

Measurement Requirements

A,

What restrictions and tolerances, if any, must be placed on the
physical attitude of the instrument with respect to Mars terrain?

For both present and projected minimum detectability levels, pre-
cisely how long will be required to take, process, test and
condition test results to the point where these results are in
suitable form for transmission to Earth?

Does the instrument make continuous readings, or does it require
a single chamber per reading?

What minimum and maximum bit rates will be required to make the
experiment fruitful? (This implies what will be required range,
accuracy, and resolution of test results to be transmitted.)
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Can the detection system be saturated?

What exactly will be the quality and type of the signal which
occurs at the output of the instrumentation?

What will the minimum input impedance requirement and tolerance
to the interface have to be to handle the signal adequately?

What are the precise power requirements of the experiment
instrumentation (including envirommental control)?

(1) What sort of peak loading can be expected?

(2) what sort of minimum loads can be expected?

(3) What will be the required quality of the power (AC, DC,
voltage tolerance, etec.)?

(4) For what pericds of time will power be required (i.e., power
profile)?

Is your instrument susceptible to interference from other space-
craft instruments and equipments?

Status and Scheduling

A.

From a scientific standpoint, what is the present status of the
experiment?

From an engineering standpoint, what is the present status of the
experiment?

When do you expect to be able to demonstrate the functional
feasibility of the experiment?

By what date do you expect to have the weights and sizes of your
instrument reduced to their minimum values?

When do you expect to have a flight prototype instrument ready
(i.e., a rugged instrument which has been field tested and is
scientifically satisfactory)?

What is the current manpower situation of the experiment and
what additional manpower (numbers and disciplines) will be
required to have the prototype instrument ready by Nov. 1, 19642

What is the current funding situation of the exﬁeriment and what
additional funding will be required to have the prototype instru-
ment ready by November 1, 196L.
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APPENDIX B - EXPERIMENT SURVEY RESULTS

The following subappendices recap the information obtained by the
survey teams with the aid of the questionnaire reproduced in appendix A.
This information is presented precisely as it was obtained in the sur-
vey and it is free from comment of the survey teams. The experiments
were examined in three areas: (1) the Scientific Experiment, (2) the
Messurement Requirements, and (3) the Status and Scheduling. Each
subappendix has the following items:

Scientific Experiment
Objective
Effect of Non-Biological Systems
Controls - Reference
Sensitivity
Biclogical Materials Required
Sampling
Instrumentation
Weight and Size
Lifetime Effects
Sterilization
Testing
Reliability
Programming and Command
Problem Areas

Mesasurement Requirements

Status and Scheduling

The subappendix designated for each experiment is:

Gas Chromatograph
Gulliver

IIJ-" Ba.nd

Mass Spectrometer
Measurement of ATP
Minivator
Multivator
Optical Rotation
Wolf Trap

W o
[
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B-1 GAS CHROMATOGRAPH

The information on this experiment was furnished by letter from
Mr. Robert V. Meghreblian, Chief, Space Science Division of the Jet
Propulsion Laboratory, California Institute of Technology, Pasadena,
California, July 12, 1963.

Scientific Experiment

Objective:

The present experiment is designed to detect the presence of
organic matter in soil samples obtained from the Martian surface.
From the returned data it would be possible to deduce that certain
types of organic compounds are present and 1t also may produce highly
indicative but not necessarily definitive information concerning the
presence of life on Mars. It is a complementary experiment to growth
and metabolism experiments. If organic matter is found, this experi-
ment will provide general background information useful for planning
future experiments.

It may: (1) detect the presence of any organic matter in soil
camples, either biogenic or abiogenic; (2) suggest the presence of
life by producing fingerprint chromatograms of the pyrolysis products
of known biochemical compounds, either of living organisms, their
metabolic products, or the degraded products of dead organisms; (3) in-
dicate the presence of a possible, unknown biochemistry; and (%) pro-
vide information on any existing Martian abiogenic organic chemistry.

Preliminary work on the gas chromatography of the volatile pyroly-
sis products of microorganisms suggests that "fingerprint" chromatograms
can be obtained which will identify proteins, lipids, carbohydrates,
possibly nucleic acids, and other biochemical compounds. The successful
identification of these substances by the gas chromatograph would make
the probability of life very high, though not necessarily definitive.

In this way, the gas chromastograph could function as a life detector.

If the chromatograms of the experiment were not indicative of any
pretested terrestrial materials, interpretation of the data would be
made by attempting to duplicate the chromatograms in the terrestrial
laboratory under conditions identical to those existing during the per-
formance of the experiment on Mars. This approach would make possible
the identification of unexpected classes of organic compounds either
biogenic or abiogenic.
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In summary, the present gas chromatogreph would be designed to:
(1) detect the presence or absence of organic matter in a soil sample
collected from the Martian surface, regardless of its type or origin;
(2) provide data from which the presence or absence of life in the
sample may be deduced; and (3) provide data from which at least some
of the collected organic compounds could be identified.

Effect of Non-Biological Systems:

Since the gas chromatograph is capable of detecting organic
compounds, the characteristic fingerprint chromatograms may make it
possible to distinguish between biochemical compounds of the terres-
trial variety and other organic compounds.

Controls - Reference:

Controls include calibration samples of known organic materials
to be introduced into the instrument just prior to the performance of
the experiment. Functional and environmental parameters will be
monitored to verify the conditions of the experiment. Reference
standard will consist of calibration materials injected prior to
experiment.

Sensitivity:
0.1 to 10 micrograms of orgenic sample.

Biological Materials Required:

None .

Sampling:

A single sample acquired by a roving vacuum aerosolizer is adequate.
The crude sample is subjected to a pyrolysis cycle and the volatile
degradation products are introduced into the gas chromatograph.

Instrumentation:

Gas tank, gas pressure regulator, separation columm, ovens, ioni-
zation detector, dynamic capacitor, reed switches, semiconductors, and
electronic circuit components. All instrumentation requirements are
satisfiable within the state of the art; however, in some cases develop-
ment is needed to produce flightworthy components.

Weight and Size:

6.7 pounds, 5X5X8 in., 200 cu. in. Does not include sample
acquisition.




41—

Lifetime Effects:

The operating temperature range is -20° to +80° C and the survival
temperature -50° to +135° C. Radiation may affect the detector, how-
ever it 1s small enough to be shielded. No pressure effects are anti-~
cipated. TImpact and vibration problems will be met by design compatible
with Lander design for impact.

Sterilization:

The instrument is sterilizable with heat soak and ethylene oxide;
however, the effects of the 3 cycles of 1450 C for 36 hours each have
not been evaluated. The instrument is suitable for aseptic assembly to
a limited extent.

Testing:

Prelaunch tests consist of: (1) electrometer calibration, (2)
programmer sequencing verification, (3) calibration with electronic
peak simulation, (4) instrument calibration by dowastream injection of
a calibration gas sample carried aboard the instrument, and (5) instru-
ment calibration by injection of a test sample.

In-flight and post-landing tests: (1) calibration with peak
simulation, and (2) calibration by downstream injection of a gas sample
carried aboard the instrument.

Reliagbility:

To be attained by use of high quality screen parts and from operating
history on breadboard, engineering model, and prototype instruments.
Actual reliability figures would be supplied by the component statistical
group.

Programming and Commang :

The command for startup and sequencing will come from the data
system. Sequencing may occur internally from an instrument programmer.
Time identification can be handled on either side of the instrument-
data system interface.

Problem Areas:

None specified.
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Measurement Requirements

Orientation with respect to the surface of Mars is minor, dependent
on the final configuration of the pyrolysis oven. The total experiment
time is not defined. The instrument will immediately supply time and
quantity data for each peak as the peaks occur. The instrument performs
a repeatable separation function for as many sample cycles as would be
required by the experiment. Instrument output may be: (1) Time: pulse
or serial binary data, (2) Quentitative: electrometer integrator out-
put with 1 to 10 ohms output impedance or serial binary data from an
A to D converter, depending upon designation of interface.

Power requirement, exclusive of external environmental control, is
4.5 wat*s peak. Shielding of the electrometer compartment will preclude
most external interference problems. Also, care must be given to
ground referencing to provide adequate isolation.

Status and Scheduling

Preliminary work has been done to establish the basic paramsters
for the design of the instrument. Pyrolysis temperature cycles have
been tentatively set, column types and detectors have been tentatively
chosen, and general requirements have been set.

Further studies will be required to more precisely define and
verify optimum pyrolysis cycles, columas and detectors. This work could
be essentially completed in about two months, prior to breadboard design
and could subsequently be coordinated with the breadboard development.
Continuation of these basic studies would continue throughout the Adevelop--
ment and flight during the execution of the mission in order to provide
as much information as possible for later data interpretation upon com-
pletion of the mission.

A feasibility breadboard has been constructed. Signal processing
electronics are in development and detectors are being evaluated. Engi-
neering feasibility could be demonstrated within six months from the date
of funding. The scientific feasibility has been demonstrated. Weight
may be reduced to minimum value ten months from date of funding. Size
may be reduced to minimum value nine months from date of funding. A
unit similar to a capsule instrument such as would be flown on & sound-
ing rocket would be available 12 to 13 months from the date of funding
in a final, tested configuration. The current manpower is four scientists
and engineers and two technicians. The estimated additional requirements
for this area are four engineers and five technicians. The present ten-
tative budeet is $206,000. Additional FY 64 funding required to produce
a flight-type organ gas chromatograph would be $425,000.
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B-2 GULLIVER

The information on this experiment was furnished to the Survey
Team by Dr. Gilbert levin of Resources Research, Inc., Washington, D. C.,
on June 27, 1963.

Scientific Experiment

Objective:

To detect bacterial growth b{ determining the formation of
raiioactive carbon dioxide from C I labeled substrates.

Effect of Non-Biological Systems:

None have been observed.

Controls - Reference:

An inhibitor of bacterial growth will be introduced into the growth
chamber which should result in a cessation of Cl O, formation. Whether
this is accomplished in the same chamber as the growth experiment or in
a duplicate Gulliver is a matter for future consideration. A third
control to be considered is that of an uninnoculated medium.

Sensitivity:
See tables B-2-A and B-2-B.

Biological Materials Required:

Cll¥ labeled glucose, formate, lactate, and glycine.

Sempling:

A single untreated sample per instrument is required. The sample
is acquired on a length of chenille, attached to the end of & line which
is ejected from the instrument. The line is dragged across the surface
to collect soil particles which are introduced with line and chenille
into the growth chamber.

Instrumentation:

Sample-collecting mechanism, & main chamber containing the sample
processing mechanism, a radiation counter, an electronic signal and
data processing system, an ellectronic programmer, and a heater. All
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requirements are within the state of the art. Engineering developments
are required. The system consists of two individual instruments of
which one is used as a reference standard. Components such as the pro-
grammer and logic and data-handling system will be common to both
instruments.

Weight and Size:

One instrument weighs 1-1/2 pounds and is 4X4X6 in., 96 cu. in.
Two instruments weigh 3 pounds and are 4X8X%6 in., 192 cu. in. The
programmer weight is 1-1/2 pounds. The logic and data handling system
weighs 2-1/2 pounds. A minimum total weight is 7 pounds. A maximum
total weight with a more elaborate detector system weighs 12 pounds.
System volume having two instruments, programmer, one logic and data
handling system would be 404 cu. in. The estimated maximum value
based on the more elsborate detector system is 600 cu. in.

Lifetime FEffects:

Not affected by temperature, radiation, pressure, impact or
vibration. Incubation chamber and sample have to be kept above the
freezing point.

Sterilization:

Proposed methods present no problem. The instrument is suitable
for aseptic assembly.

Testing:

Prelaunch test of the radiation detector and electronics is
planned by means of the introduction of a small radio-active source.

Reliagbility:
To be essentially the same as AMF is using on other space programs.

Programming and Command :

The built-in programmer will control all the sequencing after a
start signal is provided by the spacecraft after landing.

Problem Areas:

No major problem areas foreseen; however, detailed interface
informetion will be required to effect mating with spacecraft.



-45-
Measurement Requirements

Orientation of Gulliver with surface of Mars is immaterial,
however, the sample collecting mechenism will require an attitude
orientation not yet defined.

The instrument makes continuous readings. The minimum reguire-
ment is two points, each described by two words of a 15-bit length.
High-intensity signals such as solar flares or a high level of radio-
active COp in the Martian atmosphere could cause saturation of the
detection system.

The power requirements msy be supplied with a low voltage DC with
about *10 percent tolerance to provide a normal power consumption of
2 to 3 watts with a peak demsnd of 4 to 5 watts for 2 minutes. In
addition, approximately 2—1/2 watts is required for heaters for below-
freezing temperatures. The type and quality of the signal and the
output impedance will be compatible with the spacecraft interface
requirements. No interference problems are anticipated.

Status snd Scheduling

An advanced feasibility model was demonstrated in November 1962,
and in a field test June 27, 1963.

Weights and sizes will be determined approximately six months
after the start of a contract calling for a flight-prototype model.
One year from the start of a production contract is required to complete
the flight prototype instrument.

The present manpower effort consists of h—l/e people. It is
estimated that 10 people will be required to complete the prototype in
one ye&ar.

The present AMF contract is for about $84,980. The funding
requirements for a contract to deliver a flight-prototype instrument
within a year will be between $Q50,000 and $850,000, depending on the
interface requirements and wkhether it is decided to include a photo-
synthesis experiment and a sterile control in Gulliver.

Resources Research, Inc. would like an additional $50,000 above
current level of support so as to support: (1) full-time engineer,
(2) 1/2-time biologist, and (3) a full-time technician, and (4) to
obtain additional materials.
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TABILE B-2-A

SOME GENERAL CHARACTERISTICS OF

Isolate Soil source
A Field g Garden
B Field
C Garden
D Field
E Field & Garden
F Field 3 Garden

SOIL ISOLATES

Type
Bacterium

Bacterium

Bacterium

Bacterium

Fungus

Fungus

Gram stain.

Characteristics

Gram positive
bacillus

1"

1"

White, lacy colonies
growing in swirl
arrangement .

Small, circular,
opaque colonies.

Pale yellow, distinct
colonies.

Dull, white colonies
producing brown pig-
ment in the medium.

Green changing to
dark brown mycelial
growth, Pencillin-
like.

White mycelial growth.
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TABLE B-2-B

Response to M8 Medium

Radioactivity-CPM above sterile control

Cells per c-14 Time in hours

Sample test substrate 0.5 1 2 N 8

Soil Isolate A

bacterium 66,000 1 2,145 3,390 6,350 }12,970 {19,900

Soil Isolate B 29,800 1 30 80 375 | 2,235 | 6,790

bacterium 59,600 1 165 240 735 | 4,335 | 8,790

Soil Isolate 3,700,000 1 0 0 o} 120 490

bacterium 7,400,000 1 65 65 165 420 890

Soil Isclate E 118 1 75 345 590 | 1,290 | 3,360

bacterium 177 1 165 465 585 | 1,590 | 5,160

Soil Isolate ¥ 58,400 1 50 120 270 | 1,120 | 4,590

Fungus 87,600 1 110 150 330 | 1,350 | 4,590

Rhodospirillum

rubrum (photo-

synthetic growth)l 220,000 2 120 180 360 9ko | 1,545

Rhodospirillum

rubrum (non-

hotosynthetic) 181,000 2 1,040 1,615 2,485 | 4,430 | 8,270

Bacillus suotilig

var. globigii 70,000 1 65 135 Los | 2,060 |11,800

Pseudomonas

fluorescens 228,000 2 130 135 315 450 8oo}
| Garden Soil 112,865 3 2,260 4,030 8,890 {16,345 |20,520

Garden Soil 112,865 L 4,342 7,170 | 13,010 }18,893 {22,180

Field Soil 88,730 L 585 1,225 2,340 | 5,430 {10,625

Field Soil 88,730 3 560 1,015 2,405 | 5,019 | 9,450

1. Formate-(1.0 uM) + Glucose (0.33 uM)

2. Formate-(0.66 uM) + Glucose (0.22 pM) + Lactate-(0.4h pM)

3. TFormate-(0.66 uM) + Glucose (0.22 pM) + Malic-(O.4k uM)

4. Formate-(0.66 uM) + Glucose (0.22 uM) + Glycine-(0.4k uM)
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B-3 "J" BAND

The information on this experiment was furnished to the Survey
Team by Dr. R. E. Kay of Aeronutronic Division, Ford Motor Company,
Newport Beach, California, on June 25, 1963.

Scientific Experiment

Objective:

To detect and distinguish between proteins and nucleic acids by
observing the shift of absorption bands of thiocarbocyanine dye as
produced by macromolecules of proteins and nucleic acids.

Effect of Non-Biological Systems:

High salt concentrations in a soil sample will produce the effect,
however, it may be adequately suppressed using 10% Ethanol solutions, as
well as by increasing the sample cell temperature.

Controls - Reference:

The use of a pyrolized and/or oxidized soil sample extract as a con-
trol in a reference cell. Reference is obtained by dye samples in a
solution in both a test and reference optical beam to determine a zero
null. Alternatively, a standard such as polyglutamic acid will be
employed at the conclusion of the determination.

Sensitivity:
One gamms of biologically important macromolecules.

Biological Materials Required:

None

Sampling:

A single sample of soil which is processed by extraction, drying
and either pyrolized or dialyzed and checked for conductivity within
the proposed experimental system is required. The sample acquisition
mechanism needs further work. One complete cycle is & minimum; how-
ever, recycling is planned to be internal to the experiment with a
possibility of using two different temperatures.
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Instrumentation:

Spectrophotometer-double beam-optical null, light source, detector,
amplifiers, sample processor. The Iinstrumentation is attainable within
the state of the art.

Weight and Size:

Minimim weight and volume has not been determined.

Lifetime Effects:

None anticipated from temperature, pressure, radiation or impact
and vibration.

Sterilization:

Msy be sterilized with spacecraft and entry capsule, dye will be
contained in a separate sterile capsule. Aseptic assembly is not
applicable.

Testing:

Post-landing calibration only, checkout for signal output and
commmication.

Reliability:

Derived from detailed testing and computational examination of
performance pre-flight qualification testing.

Programming and Control:

A signal from the capsule is required for the start and a signal
is required to read out data which can be internal to the experiment or
obtained from the capsule system.

Problem Aresas:

More testing is required to determine finer distinctions between
classes of macromolecules and among specific molecules within a class.

Measurement Reguirements

Orientation with the surface of Mars is independent as presently
conceived. Experiment time is a one-bhour maximum with ten minutes for
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the first cycle. A single chamber is used at 2 to 3 temperatures,
repeat samples for follow-on tests to higher extract concentration,
no continuous readings. Data requirement specified as a minimum of
10 bits, an optimum of 90 bits, and a maximum desirable of 250 bits
total. Interference from the spacecraft is not expected to be a pro-
blem. The output signal will be digital.

The power requirements are stated as 28 * 3 volts D.C. and 40O
cycles per second A.C. for a peakload of 5 amps, 28 volts for 10
milliseconds, average power 2-3 watts for one hour and about 10 watts
to survive the Martian night.

Status and Scheduling

Progress in determining presence of either proteins or nucleic
acids at the 1 gamme level is good. Progress looks promising to dis-
criminate between proteins and nucleic acids.

The engineering aspects of the experiment are conceptual only.
To demonstrate functional feasibility would require an engineering
funcetional breadboard plus six months.

It is estimated that a flight qualified prototype could be
available by November 196L.

Present manpower is 3 scientists. Required manpower is 6 man
years of science, 8-10 man years of engineering, and 3 months for test
and evaluation.

Current funding is 399,000 for science for one year. Required
funding is $hO0,000 for 12 months of engineering and $100,000 for
12 months of science.
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B-4 MASS SPECTROMETER

The information on this experiment was furnished to the Survey
Team by Dr. Klaus Biemann at the Massachusetts Institute of Technology,
Cambridge, Massachusetts, June 20, 1963.

Scientific Experiment

Objective:

To show the presence or absence of biologically occurring molecules
by obtaining a mass spectrogram for interpretation. All amino acids
and many hetrocyeclics, as well as the inorganic atmospheric materials,
are esnalyzed.

Effect of Non-Biological Systems:

None

Controls - Reference:

None except for machine operation.

Sensit ivity:

Fractions of a microgram (1 microgram to 1 nanogram). The projected
miniaturized mass spectrometer will have a range of 0-250 mass units
and may be operated in the range of 0-160 mass units.

Biological Materials Required:

None
Sampling:

One sample is required. No sampling technique has been devised.
The sample must be ground, placed on the tube filament, degassed, and
heated by the filament. The tube must be evacuated after the sample
has been inserted.

Instrumentation:

Miniaturized mass spectrometer vacuum pump, sampling device,
electronics, and analog to digital converter. The instrumentation is
within the state of the art.
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Weight and Size:

Expected total weight is 15 to 25 pounds with a 1.5 pound vacuum
pump and 5 pounds for the analog to digital converter. Total volume
is about 400 cu. in. consisting of spectrometer-190 cu. in., electronics-
110 cu. in., and vacuum pump-110 cu. in.

Lifetime Effects:

Temperature, radiation, impact and vibration have no effects.
Pressure in the tube must be reduced to a vacuum after sample is inserted.

Sterilization:

Can be sterilized by either method. Sterilizability of electronic
components is guestionable. The instrument is suitable for aseptic
assembly.

Testing:

Post-landing measurements prior to analysis: ionizing current,
voltage applied to filament, voltage applied to the electronics package,
sample temperature, and filament temperature.

Reliability:

Reliance on NASA to determine reliability. Instrument will be
designed and tested in accordance with applicable NASA specifications.

Programming and Command :

A time cycle is projected. Start of experiment must be determined
by capsule.

Problem Areas:

Introduction of sample at a remote location and sensitivity increases.

Measurement Requirements

Orientation with the surface of Mars is not required. Discrete
data with an accuracy of * 10% is desired and expected maximum require-
ments is 2000 bits.

The power requirements, from 28 * 3 volts D.C., is a minimm of
0.5 watt and a maximum load of 10 to 12 watts distributed as follows:
vacuum pump and analog to digital converter T watts, electronics 0.5
watt, filament - remainder of power.

R

Interface requirements need to be defined.
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Status and Scheduling

Functional feasibility has been demonstrated with large-scale mass
spectrometers. A 22-pound mass spectrometer has been manufactured. It
is estimated that a prototype breadboard unit can be made available for
test six months after a starting date and that weights and sizes can be
reduced to a minimum 9 months after a starting date.

The present experiment has four personnel assigned; two additional
technical assistants and the services of Consolidated Systems Corporation
will be required for fabrication of the instrumentation.

The breadboard model will cost $50,000 and the completely tested
and fabricated space instrument will be delivered for additional
$200,000.
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B-5 MEASUREMENT OF ATP

The informastion on this experiment was furnished to the personnel
of the Exobiology Division at Ames by Dr. Gilbert Levin of Resources
Research, Inc., Washington, D. C., on July 12, 1963.

Scientific Experiment

Objective:

To determine the presence of ATP on Mars as a probable indicator
of life. It has been demonstrated that earth microorganisms can be
detected by virtue of their ATP content.

Effect of Non-Biological Systems:

None are known.

Controls - Reference:

A non-innoculate control.

Sensitivity:

LLO"4 micrograms ATP permitting the detection of approximately 4000
yeast cells or 5000 algae, an improvement of one order of magnitude is
hoped for.

Bilological Materials Required:

Luciferin, luciferase, sample, magnesium (Mg+2) and oxygen.

Sempling and Sample Treatment:

The sample may be obtained by high volume sampling of the atmosphere
during descent or with a sampling apparatus similar to Gulliver after
landing.

The sample might be treated with methanol, or another solvent, to
extract the intra-cellular ATP. A one- or two-minute extraction would
probably increase sensitivity to a positive determination with 500 or
1000 cells.

A single sampling and processing is required for data. A processing
would be required for sterile control and an early reading of light in the
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chanbers to detect possible leakage would be helpful. Processing consists
of the extraction and a rapid mixing of the sample material with luciferin
and luciferase.

Instrumentation:

A sample collection device, an extraction device, a processing
device, and a photomltiplier tube. Instrumentation is commercially
available. No attempts to reduce size and weight have been made but
there are no apparent obstacles.

Lifetime Effects:

High temperature would adversely affect the enzyme luciferase.
Radiation effects, impact, and vibration have not been explored.
Pressure problems not anticipated.

Sterilization:

The instrument could probably be sterilized with the exception of
the enzyme which could be sterilized by membrane filtration or other
cold methods. The instrument is suitable for aseptic assembly and the
enzyme could be introduced after the spacecraft were readied.

Testing:

Tests for sensitivity to light at pre-launch, in-flight and post-
landing and a post-landing absence of light due to leakage are desired.

Realigbility:

No determinations.

Programming and Command :

Not determined.

Problem Areas:

Obtaining an adequate sample during descent if this mode is used.

Measurement Requirements

The experiment requires no orientation with respect to the surface
of Mars. Total experiment time whether in the atmosphere or on the
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surface would be 5 to 7 minutes. The instrument could be used to make

a controlled reading, or several control readings, but only one reaction
response reading for the total experiment. A bright light source would
saturate the detection system. Power requirements and type of output
have not been defined; however, it is expected that the phototube output
would produce 3 or 4 discrete pulses for the complete experiment.

Status and Scheduling

The experiment has been demonstrated successfully in the laboratory
on earth organism. The instrumentation has been assembled and operated;
however, no work has been done towerd producing an exobiological experi-
ment nor is there any program to do this. ]

Approximately five people are working on this method for other
purposes than detection of extraterrestrial life.

At present no funds are available for this project, but a very
rough estimate of $100,000 was made to cover the scientific investiga-
tion and associasted instrumentation for an advanced breadboard or proto-
type by Nov. 1, 196L.
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B-6 MINIVATOR

The informstion on this experiment was furnished to the Survey
Team by Mr. Jerry Stuart of Jet Propulsion Laboratory, Pasadena,
California, on June 24, 1963.

Scientific Experiment

Objective:

Minivator is designed to provide a sampling device and processing
and sample chambers in which experiments may be conducted.

Effect of Non-Biological Systems:

CaCO3 in dust form shows fluorescence.

Controls - Reference:

A reference cell employed without a soil sample.
Sensitivity:
No determination.

Biological Materials Required:

No determination.

Sempling:

A gas turbine driven dust collector stirs up and collects the
sample, then performs a centrifugal large particle separation. Sample
should be placed in solution.

Instrumentation:

v

Sample collector, minivator which contains a phototube, sample cham-
bers and liquid reservoir.

Weight and Size:

Sample acquisition tubing and injection mechanism 0.25 pound, gas
bottle - 2 pounds, minivator - 1.5 pounds, electronics - 1 pound .
Total weight - 5 pounds. Size not given.
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Lifetime Effects:

ot determined, no problems anticipated.

Sterilization:

The proposed methods present no problems. The instrument is
suitable for aseptic assembly.

Testing:

No information.
Religbility:

Wo information.

Programming and Commangd:

No information.

Problem Areas:

(1) Iow power, high efficiency ultraviolet lamps; (2) electric
D.C. motors; (3) bearings for low pressure atmospheres; (%) uniformity
of miniature incandescent lamps; (5) cell material that is opaque,
machinable, non-permeable to fluids, and with a resistivity of about
1011 ohms.

Measurement Requirements

Orientation with surface of Mars must be restricted from horizontal
to 20 degrees. The instrument makes repetitive readings on 16 chambers.
Tt is estimated that is would take 2 few days to two weeks to get
results which are suitable for transmission to earth. The detection
system can be limited by the light source.

Power requirements, minimum loads at 1-2 watts, maximum loads at
5-10 watts. Maximum power requirement is for providing heat during the
nights.

Signal outputs will be 0-5 volts analog. Interference is not
anticipated as a problem.
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Status and Scheduling

Work has been done on the sample collecting techniques combined
with Multivator.

A Minivator would have to be designed for a particular group of
biochemical experiments after they have been designated. Thereafter,
a 6-9 month period might be required to perfect hardware systems.

The present manpower consists of l-1/2 engineers and 2 technicians.
Total manpower requirement is 3 engineers and 4-5 technicians.

Funds required: For further laboratory prototype testing - $30,000;
for first flight qualified prototype - $l50,000; for test and evaluation
equipment - $Q0,000 -~ Total - $220,000 Plus a bacteriologically clean
room. Follow-on units at $50,000-$50,000 each.

Funds requiréd for '66 mission would require a crash science
rrogram of at least $500,000, probably more funds would be required.
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B-T MULTIVATOR

The information on this experiment was furnished to the Survey
Team by Dr. J. Lederberg, Department of Genetics, Medical School of
Stanford University, Stanford, California, on June 27, 1963.

Scientific Experiment

Objective:
To determine enzymatic activity.

Effect of Non-Biological Systems:

None .

Controls - Reference:

A reference cell is employed without a soil sample.
Sensitivity:

Present, approximately lO5 organisms per cc; projected, approx-
imately 102 per cc.

Biological Materials Required:

No biological material as such. Enzymatic activity or phosphate
fluorescein derivative.

Sempling:

A double sample immersed in liquid is minimum requirement. The
sample is acquired by vacuum cleaning.

Instrumentation:

Multivator, 2 cc of water. All instrumentation is within the state
of the art.

Weight and Size:

Multivator - 1 pound, 45 cu. in.; Collector - 1-2 pounds, 40-
50 cu. in.
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Lifetime Effects:

Not affected by radiation, pressure, impact, or vibration but
temperature must exceed 0° C.

Sterilization:

Suitable for either method. Chemicals must be added aseptically
after sterilization.

Testing:
Calibration built in.
Reliability:
To be determined by extensive testing.

Programming and Command :

Start-up from external signal: Sequencing and timing may be
internal to multivator or on board spacecraft.

Problem Areas:

None specified.
Measurement Requirements

Orientation with respect to the surface of Mars is not required.
length of test is one hour, detectivity increases linearly with time.
Measurements will be sampled and presented as an analog voltage of
0-10 volts. Minimum input impedance must be greater than 10,000 ohms
and tolerance to interface must be within % 10%.

The instrument requires AC and DC with built-in regulation. Power
requirement is 3-5 watts for sample gathering 1-5 minutes then 1 watt
for 90 seconds every 15 minutes. Instrument is not susceptible to
Interference.

Status and Scheduling

The first phosphatase detection substrate that shows any reasonable
stability was achieved June 1963. More testing is required.
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The flight size breadboard is existing and minimum weights and
sizes can be determined by September 1963. A flight prototype
instrument can be ready by January 1964, depending upon spacecraft
integration requirements.

Stanford has personnel available. A commercial contract will
require 5-8 man years.

Funding for science studies has been requested of NASA Head-
quarters by Dr. Iederberg. Funding for engineering with a commercial
concern would be $200,000 - $300,000.
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B-8 OPTICAL ROTATION

The information on this experiment was obtained by the Survey
Team from Dr. Ira Blei, Dr. John Liskowitz, and Mr. Sol Nelson of
Melpar, Inc., Falls Church, Virginia, on June 28, 1963. Confirma-
tion of these data was obtained from Dr. Liskowitz on July 8, 1963.

Scientific Measurements

Objective:

To determine the presence of optically active compounds at 254
millimierons.

Effect of Non-Biological Systems:

Tone .

Controls - Reference:

A quartz plate, of known optical rotation, will be introduced into
the light path. This calibration will serve to establish a base line
as well as serving to establish the functioning of the instrument.

Sensitivity:
L

107 - 10 organisms.

Biological Materials Required:

None .
Sampling:

No sampling method has been developed. One sample per analysis
is required. Processing is required; after collection, the sample
will be extracted with an alkaline solution, probably 1N sodium
bhydroxide. Following extraction the solution will be clarified and then
introduced into the chamber for observation.

Instrumentation:

A pump, a device to clarify the extracted soil from the soil
extract, and an alkaline solution. Equipment consists of optics unit,
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electronics unit, sample processor, pneumatic supply, programmer,
squibs and exothermic cartridges, and module frame. All instrumenta-
tion is within the state of the art.

Weights and Size:

Total weight is 5.20 pounds and volume is 130 cu. in. Opties
72 cu. in., 3 pounds; Electronics 1% cu. in., 0.40 pound; Sample
Processor 14 cu. in., 0.50 pound; Pneumatic supply 1% cu. in., 0.50
pound; Programmer 14 cu. in., 0.40 pound; Squibs and exothermic
cartridge 2 cu. in., 0.10 pound; Module frame 0.30 pound.

Lifetime Effects:

Radiation, pressure, impact and vibration impose no problems;
however, the temperature must be above the freezing point of the
liquids.

Sterilization:

Ethylene oxide will be used; heat method poses no problems. The
instrument is suitable for aseptic assembly.

Testing:

Pre-launch and post-landing tests will be required but have not
been defined.

Reliability:

To be determined by component review and an environmental test
program.

Programming and Control:

A start pulse will be required from spacecraft, remaining control
is contained in instrument.

Problem Areas:

Interface with spacecraft not clearly defined.
Measurement Requirements

Orientation with respect to the surface of Mars is not necessary.
Time for a complete experiment is 415 seconds. The instrument requires



65~

8 single chamber per reading. Measurements may be voltage levels in
the range 0-1 volts, resolution requirement is 1 millivolt and accuracy
should be * 1%. Instrument can be simplified to a simple yes-no
signal. The detection system camnot be saturated.

Minimim input impedance requirement to the interface is 10,000
ohms = 10.

Power requirement peak is 1.1 watts, and minimum 0.15 watt from
28 volts DC £ 104.

Interference is not considered to be a problem.
Status and Scheduling

The theoretical development for measuring opticel rotation has
been proven experimentally. Equipment has not been reduced in size
or weight or been subjected to environmental conditions.

Manpower and funding status and requirements are referred to the
PERT chart of Melpar Proposal No. P 314.111, May 1963.
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B-9 WOLF TRAP

The information on this experiment was furnished to the Survey
Team by Mr. C. R. Weston of the University of Rochester, Rochester,
New York, on June 25, 1963. Supplementary information was obtained
from H. E. Poyer of Ball Bros. on July 2, 1963.

Scientific Experiment

Objective:

To detect the growth of organisms by light scattering measurements
and by change in pH. The principal criterion for growth is a logarithmic
Increase in the amount of scattered light. An accompanying pH change
would strengthen inference that no change in light response resulted
from bioclogical growth.

Effect of Non-Biological Systems:

None

Controls - Reference:

No final decision has been made. Two types of controls are
planned; an inoculated blank (i.e., a non-nutrient medium, perhaps
only water) and an inoculated replicate to which has been added some
germicidal agent such as formaldehyde.

Sensitivity:
107 organisms per milliliter by turbidometric measurements.
Commercial nephalometers are readily capable of detecting approximately

10° organisms per milliliter.

Biological Materials Required:

Ethanol, glucose, sodium glutamate.
Sempling:

One sample is required for each chamber. Thirteen chambers,
including controls but not allowing for replication, are anticipated.
The sample is to be collected in a gas stream and "scubbed" in the
medium.
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Instrumentation:

Gas pressure supply, a flexible tube with an enclosure shroud
to be droppad to the surface, and & venturi nozzle which will provide
a pressure differential. The velocity of a low pressure return will
" induct the sample which will be metered. Instrument components consist
of lenses, source lamps, siliccn cell photodetectors and metallic
bellows. The electronics will contain Fairchild 2N248L4 class tran-
sistors, carbon resistors, ceramic capacitors and silicon semiconductors.
The electronics are all state of the art. The photodetection for for-
ward scattering must be developed for resolution and stability. The
pickup device must be developed for Martian atmosphere.

Weight and Size:

A five cell system is estimsted at 5.0 pounds. A single cell
system should weigh 2.5 pounds. The sample acquisition device will
serve either a single cell or five cells. Volume for five cells is
about 200 cu. in. and for a single cell about 150 cu. in.

Lifetime Effects:

Safe’ limits for experiments are:

(1) Temperature: -50° F to +310° F

(2) Radiation: Total flux density of 1 X 107 roentgen

(3) Pressure: Vacuum to several atmospheres

(4) Impact: The source lamp will 1limit shock loading to 2000 g
at 5 milliseconds.

(5) Vibration: The unit will be designed to withstand rormal
vibration inputs for boosters such as Atlas or Thor Delta.

Sterilization:

Instrument will be sterilized by a terminal heat 3 soak of 135° C
for 2% hours. Ethylene Oxide not anticipated. Unit is suitable for
aseptic assembly but this method is rejected by experimenter.

Testing:

Prelaunch, in-flight, and post-landing tests are required but
have not been defined.

Reliability:

To be determined by normal quality control methods, reliability
study on components, model testing, and extreme thermal tests to
accelerate failure modes.
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Programming and Control:

The start signal from the spacecraft is required. Programming
is internal, control may also be external.

Problem Areas:

Since work has not started, there are many problem areas. The
principal problems lie in the resolution of the detector system and
in the reliability of the sample acquisition device.

Measurement Regquirements

Orientation with respect to the surface of Mars will be required.
Instrument will be gimbal mounted so as to have 45° of freedom from
local vertical. This will be restricted by the necessity of being
able to either drop the pickup device to ground surface or cast it
clear so that it will reach ground.

A minimum time of ten hours of opsration is required. Continuous
power will be required for five minutes to acquire the sample, there-
after, if readings are intermittent when power is on, several secoris
will be required for the lamp to stabilize and then an analog reading
may be taken.

Intermittent readings once every 15 minutes for ten hours are
suitable. Each telemetry output will consist of five analog readings,
eight bits per reading. Signal output will be analog 0-5 volts.
Maximum input impedance should be about 5,000 ohms * 20%.

Power requirements using DC, greater than 6 volts * 204 are 1 watt
for peak load, 100 milliwatt minimum load and 250 milliwatt average
load.

Detector saturation is not anticipated.

Interference problems require decoupling from the normal power
line transients and shielding for R. F. interference.

Status and Scheduling

The principles of detecting growth of microorganisms by an
increase in turbidity of the nutrient medium, and the principles of
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enrichment culture for organisms with special nutritional requirements
have a large existing literature. Some work has been done with commercial
instruments to anticipate the parameters of the experiment.

Six months after the program is funded, it is expected that
functional feasibility, weight and size reduction can be demonstrated.
A flight prototype instrument could be ready by April 1965, if work
started in September 1963.

Manpower at the University of Rochester is one Ph.D full time,
one Ph.D 20¢% time, one technician half time. Required effort for
November 1964 delivery, 1 Ph.D full time, four technicians full time.

Current funding is adequate. Twice present funds are required for
November 1964 delivery.




-70-

269 L2 _ 43838 30BIJUOD pajeIjsucwap L1111 UOT38}0I
91 B WOIJ SYUCW Hi - 18887 TBUOT}OUNT SWOS Teo13do
* UMOUUM S3USW
P -aJdfnbax 10328J3.U0D +18n3dad
anwmmawvmﬂw.:on -qng °sYda3 H pus £96T TTady -u0d 8t FurIasuriumy deay JTOM
*d-yUd T Pasu TIwA *1opow ATTTATSET QU
J2383YD0Y JO °ATUf
UOT3BINTTIUOD JUIW wo1B .wn 193uTIUS PIBMBR 70BIFUOD adfjo30ad
-taadxa paxynbax uo a3 :«aumh.ﬂw&m z woxJ asaf T UOT3TU Uuo jIOM 3XBLE 0O} ZBATTTND
Butpuadep 00006E¢ sq T{T# oTdoad 0T -TJep 20BJI3qUT pus Apesy ' po3BIIBUOWSD
pUB 000‘052$ usamged Surpuny Jadoxd u3TM PIBOQPEaIq PIOUBADY
adfy030ad qy3TTI
engdasuo) -
umBaq qou jusm ooo.‘oo:-ooQ af 1 ardoad 01-Q I03 H96T ‘1 3y Ten3daduo) 20TAR(Q
-dotaasp BupTpusy pus pusq 0y
¢ suUBTOTUYDSY K v o £TTTq979837
uota1sTnbow ardmeg 000f00T$ 89873UaTO8 2 €96T ‘T By TBUOTIOUN - S0USTOG
uot3Be
-NTBAS PUB 3893 JOJ
000°0h$ ¢edfrogoad FUBTOTUYDSS 4 noy preoqpBaIq
J03BATHTON 03 | 3UBTTF J03 000°002¢ sIaeutdus € pazTs JUSTT - 9dTASQ A03BATUTH
JBTTWUFS UOTHHPOUNOIDB _ - _
¢FupyowT 9ndur adueIog - SUON - 2ouUsTIs
pasodoad fpsaare swos aXBMpIBY JUITTT
gurpnrout sjusmiradxe J03 000°002¢ aTqeTTBAR £96T 1 -3deg
T®OTWAY20Tq Jo A39T7I8A WII I8, JO FuUsm FUSTITIING ‘paeoqpealq
SpIA o3wpommodds uew) | ~doT9ASD 20T 000°0T$ PozEs MBI - 90TAS(Q
33BI3 QNS IOYBATITIH
fesms osugonseond 0 oTqeTTEA® aTqeTTEAB ; frTIQreRey
£17TTqe3e uo spusdaq FUSTOTIING JUSTITIING TBUOTIOUNS - BJUILOG
*3aIoM axow sexinbax
sTe0T18070Tq JO UOT%
~QUTWTJIOSIP X0J Spoygawm
pus BuiTpusy aT7dwes Jo N N . SUON - 991A3Q adoosoxotu
qusmdoTana(q 81338004 UOdTPTA
2e318T yonm u3TA ATUO Ten3daduo) - aoustog
aTqeTTeAas Jamod puswop
gpusmaIrnbas 938a ®IBQ
JI2USWT +d1opy sweyslg pajysp
-zadxas £q pejewtlss P -TTOSUO) JO 8IDTAIIS 338p YounwyY 996T Jagawouxyoads
-Japun aq 03 xwadde 00005¢$ 8yl pus uuemstq °JIq Lpwax aq A8y Ten3dacuc) sgun
syuswaxnbaa qaoddng JI0J SjUE)BTESE OM]
SuBta pIsoqpealq ydexJojsmoaya
000° ¢en$ -Fuyoay} § PUB SIIJU H96T “AON £ . s8h
-18us f ITBUOTITDDY ITTTQTsBay
238D 99, 393W O3 938D 99, 399U 0%
SusumIo) sxoddng Limjauoy q10ddns xamodusy 3TquTTBA® 338( §n3E1s JUAIIND yuswrIadxy
SINAEWINAIXY ¥0d SINTWHHINDTY INOJINS ANV SALVIS - I TIGVD
¢ ] - » . »



-T1-

oag ¢
- foge quod /ot I03 0002 89x Soteuy | s8Iy 01 upm 81y OT | T/62°0 | 002-04T 6-6e dsay JToM
OTXCE ’ adoosoxotm
& saangord ¢ | paurgepun | paurgspun | Soreuy | paurgepun | PauUTISPUN ot pautzapun | peutIepun UOOTPTA
038 ¢f uoi3vlor
/L 9338 T PeuTFapUy 8ax Soreuy | psupgepun | psurgspun | T°T/$'0 ofT 2°¢ Teo73d0
ooeh/ozh 009/09 pautsepuf 8ax Foreuy g T sean-skeQ | G-€/S°0 6 £ J03BATITOH
oglg/ett 096/91 pautJepuy 83X Boreuy | swsem g s49am g | 0T-§/e-T | paurzspun 4 J0VBATUTH
-/ee -/n PaurFapun 83x Bowuy urm L-§ pauryepun | PRUTFOpPUN | PauTJapun | PauTIepUN dLv
Jajswod3oads
0%26/05.T 06L/0%e | paurgapup 8% Sorsuy | segnUTH SYIUOK 21-0T/2 oot 02- 6T sSEN
gLE/9eT H6/g1T paurzapun sax Te781a wy T > sYaap ot/¢-2 paurgepun | paursepun pueq L0,
ool/qt oot/e 00T 89X Te3191q | pourgepun | paurgepun | G-n/€-2 | 009-00€ 2T-1L T2ATTTND
T837871P ydexgojemoayd
pautzapun snonurqauo) | Paurtapun gax a0 oteuy | pautFapun | peurFapun G HT \M. 002 L9 88D
em/utm 8338M4
. Xew/utm Iy #g 103
gom xod squomomewan| POUITOY | 30 (ST adhy amg3 SWI3e3TT | ‘yead/Am ur no - Jusurtradxy
831q L 3® paarnbay 3 m,ﬂa.dm.n 1298 w38q | Jurproosy aTqrssod | ‘paainbax faumT oA yIToM
379 T®30L T Tamog
SINAWIHEIXT HOd SINANRMINGEH ONTHWNIONA 40 XMYWWAS - *II TEVL
» - v L .

-



-72-

98xeT Axap|ay w2 -4 J00E] om € 0089 00T 06 oY~ ohoe e clz clz (+114 (141 00S€ | 0009 | €-1 urm3eg
afxer Azap|ay 42 -4 L00F| om T 0088 0ot 06 ot~ [+14 622 clz ont olz <9 005617 | ooct I umgeg
satnsdeo
oon‘s |4 92-d 4092] U gh T sl ont T~ st Lz £2 Lz "8 0 9lt 086 entd sng
‘WO
oonf2E [Iu w2 -4 J00E| 4 of 9 oh 002 €-2 ot 9t HE 144 ¢1e gL 69¢ | weet ReToy
ooh‘eE |au w2 -d 00E| T4 OF 9 gt 002 t-2 (]9 L ge 2s goe ch 149 40eT | ‘wmmoo -a1q
atnsdeo snrd
snq £qATd
Inejua)- seTly
- - - - - - - - - - - - - - osh Aqh1d
wualy- sBTIV
oa8/811q qt qr ¢ qr
8374 ¢ qt qtr ¢ qr ‘juBtem|, qt
awy - dmag el s3384 |0, U3res| 43 o ¢qudten |, ki £1 - JuBton ar |« £
.:wwm.mw” ¢quomsaynbax |swyqaryr] uotssym| ‘pegerpea “Suppeot | ¢ suntoa .‘cwmwmam wag 84s WMMMMM uoyyele gw«nmnwuwn Toxjuos |¢qydram m.wmz wﬂwwmw\m,
uoT3ezTTTING - guely Janod mmupxep | peotied - uotr3e -T909p pue |atnsds)
|IBD T1BI0L w38 Taadxy e 3 Jamod TeuTmIS §9IN30NI38 soUepINY IYITM
SITITTIAVAVO SWHLSXS FIOIHIA 40 XHVIANS - *IIT TIEVI
’ . " - . ] LY I ’




VINSOIIIYD ‘O L1334OW "S3INTD HOUVISIN SIWY
NOLLYAISINIWGY 3DVdS OGNV SDIINYNOMIY TYNOILYN

-73-

*smaqshs qIBIoo0eds snoTJaeA JO saTaITTamd®o prOTABR] -*T 2IM3ITJd
q) ‘sJioN Bbuiyosoosddo jybiam joj0)
¢OIx9 S 14 € 2 I
B INDuan-soy @ | P

-—
ouaby-soyv

Juinjos @

uo)}204} poojhod
@ 8-T uinjog

0]
0

&

v >

Q

[=]

o

®

o

o

<

— 8" o
o

Q.

g

[4 ]

>

— 215
>

o

e |

....\..

— 9'le
¢01x02



